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ABSTRACT The life history of many marine fishes is a 2-phase cycle: juveniles and adults make up a demersal 
phase, whereas larvae are planktonic. Determining ontogenetic patterns of habitat type use of the demersal phase 
has important management and habitat conservation implications for species that use coastal habitat types as juve- 
niles. Juvenile permit, Trachinotus falcatus, are presumed to be limited to beaches exposed to open ocean, but few 
studies have addressed juvenile permit use of estuarine habitat types. Ten years of fisheries-independent monitor- 
ing data from a subtropical estuary were analyzed to determine habitat type use patterns and seasonality of juvenile 
permit. Shallow (< 2 m) habitat types in Charlotte Harbor, Florida, were sampled with 21m and 183 m seines from 
1991 through 2000. Juvenile permit were most abundant along sandy beaches in the lower estuary and were in den- 
sities similar to or higher than along exposed coastal beaches reported in other studies. Size of captured permit 
ranged from 15 to 360 mm standard length. Small juveniles (< 100 mm) were present almost exclusively from June 
to December. Both small and large (0 100 mm) juveniles were most abundant over shallow bottom adjacent to 
unvegetated beach shorelines. These findings indicate that post- settlement permit recruit seasonally to specific estu- 
arine habitat types. Then, as they grow, they shift to other habitat types, before migrating out of the estuary. Since 
identification of the suite of juvenile habitat types is prerequisite to determining their nursery value, and many estu- 
arine habitat types are under anthropogenic stress, research on the relative importance of estuarine nurseries for 
juvenile permit is warranted. 


Introduction 

The life history of many marine fishes is a 2-phase 
cycle: juveniles and adults make up a demersal phase, 
whereas larvae are planktonic. During and after settlement 
of larvae, numerous processes act to influence the abun- 
dance and distribution of juvenile fishes. These processes 
include site selection at settlement (Kaufman et al. 1992, 
Sancho et al. 1997), priority effects (Shulman et al. 1983, 
Leis and Carson-Ewart 1999), competition (Frederick 
1997), predation (Hixon and Beets 1989, 1993, Hixon and 
Carr 1997), food availability (Stoner 1980, Lenanton 
1982), shelter (Hixon and Beets 1989, Tupper and 
Boutilier 1995, Beets 1997), and physiological require- 
ments (Yamashita et al. 2001). For species that move into 
different habitat types as adults, the requirements (e.g., 
food and shelter) and risks (e.g., predation) will change as 
the fish proceeds through ontogenetic shifts (Vigliola and 
Harmelin- Vivien 2001). Given that the period of highest 
mortality for many fishes is during the early life stages 
(Booth and Brosnan 1995, Sogard 1997), and juveniles of 
many species use coastal and estuarine habitat types that 
are vulnerable to anthropogenic impacts (Montague and 
Fey 1993, Sargent et al. 1995, Tomasko et al. 1996, 
Rakocinski et al. 1997, Sklar and Browder 1998, Uhrin and 
Holmquist 2003), it is important to understand the patterns 


of habitat type use by juvenile fishes to better predict and 
assess impacts of anthropogenic stress. 

Before these habitat-related processes can be exam- 
ined, however, baseline information must be gathered on 
spatial and temporal distributions of the target species. In 
addition, identification of the suite of habitat types used by 
juveniles is essential to determining which habitat types 
act as nurseries and contribute to adult populations (Beck 
et al. 2001). This paper reports patterns of habitat type use 
by an economically important species and helps lay the 
foundation for further detailed research. 

Permit, Trachinotus falcatus (family Carangidae), 
inhabit coastal areas of the North Atlantic as far north as 
Massachusetts and throughout the Gulf of Mexico (GOM) 
but are commonly found from southern Florida and the 
Caribbean Sea (Bohlke and Chaplin 1993). Permit are eco- 
nomically important and are an important component of 
the recreational fishery in Florida (Armstrong et al. 1996) 
and the Caribbean Sea. Unfortunately, comparative data on 
habitat type use by juvenile permit are limited, especially 
for estuarine habitats. Recent information on age and 
growth (Crabtree et al. 2002) and abundance (C.W. 
Hamden, Fish and Wildlife Conservation Commission, 
Melbourne, FF, pers. comm.) were largely based on data 
collected from the Florida Keys. Most previous research in 
Florida addressed only surf zones (Springer and Woodburn 
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1960, Naughton and Saloman 1978, Saloman and 
Naughton 1979, Peters and Nelson 1987) or did not 
address patterns of habitat type use (Carr and Adams 
1973). Prior to our study, Finucane (1969) provided the 
only quantitative documentation of habitat type use pat- 
terns of permit associated with estuaries. 

In this paper we summarize the available data on juve- 
nile permit for Charlotte Harbor, a subtropical estuary of 
south Florida. Based on 10 years of data collected by the 
Florida Fish and Wildlife Conservation Commission, 
Florida Marine Research Institute’s Fisheries-Independent 
Monitoring (FIM) program, we examined catch data of 
permit in Charlotte Harbor to determine 1) spatial distribu- 
tion within the estuary, 2) patterns of habitat type use, 3) 
size distributions, and 4) seasonality of occurrence. Our 
study will contribute to the management of permit and pro- 
vide a foundation for future research. 

Materials and Methods 

Study system 

Charlotte Harbor is a 700 km^ coastal plain estuarine 
system located on the southwest coast of Florida and is one 
of the largest estuarine systems in the state (Hammett 
1990, Figure 1). The Peace, Myakka, and Caloosahatchee 
rivers, as well as many small creeks throughout the 
drainage, transport large amounts of fresh water into the 
harbor. The harbor is connected to the COM through Boca 
Grande Pass, San Carlos Bay, and 3 smaller inlets. The cli- 
mate of Charlotte Harbor is subtropical, mean water tem- 
peratures range from 12° to 36 °C, and freezes are infre- 
quent (Poulakis et al. 2003). Anthropogenic development 
within the watershed has stressed the estuarine system; 
however, compared with other Florida estuaries (e.g., 
Tampa Bay), Charlotte Harbor has remained relatively 
unspoiled (> 80% of mainland shorelines under protection; 
R. Repenning, Punta Gorda, FL, Florida Department of 
Environmental Protection, pers. comm.; Hammett 1990; 
CHNEP 1999). Seagrass flats (262 km^, Sargent et al. 
1995) and mangrove shorelines (143 km^, L. Kish, Florida 
Marine Research Institute, unpubl. data) continue to thrive 
as the dominant habitat types within the estuary. 

Field Methods 

Monthly daytime (between 9 AM and 5 PM) sampling 
was conducted in Charlotte Harbor using 2 different sam- 
pling strategies, Fixed-Station (FS) sampling (1991- 
1995) and Stratified-Random (SR) sampling (1996-2000). 
At each FS location 3 hauls were completed with a 21 m x 
1.8 m center bag seine (3.2 mm stretch mesh, hereafter 
referred to as the ‘small seine’). To collect each sample. 


the small seine was pulled parallel to the shoreline over a 
standardized area (330 m^) and hauled up against the 
shore. Two FS locations, FS 3 and FS 13, accounted for all 
juvenile permit collected using this protocol. Fixed-Station 
3 has a narrow sandy beach shoreline, with a sand/mud 
bottom and sparse Halodule wrightii (depth ~ 1 .0 m) and is 
located in the upper harbor near the mouth of the Myakka 
River. Fixed-Station 13 has a broad, sandy, low-energy 
beach shoreline, with a sandy bottom and a few small 
dense patches of Halodule wrightii, Thalassia testudimum, 
and Syringodium filiforme (depth ~ 1.0 m). This station is 
located on the northeastern shore of Cayo Costa (barrier 
island immediately south of Boca Grande Pass) (Figure 1). 

Stratified-Random sampling locations were selected 
based on a randomized design. Charlotte Harbor was sub- 
divided into 1x1 nautical mile cartographic grids, and 
grids with appropriate water depths (< 1.5 m for the small 
seine, < 2.6 m for the large seine) for seine sampling were 
selected as the sampling universe. The sampling universe 
was then subdivided into 4 geographic zones. Monthly 
sampling grids were randomly selected from within each 
zone, and within each selected grid a microgrid (one tenth 
by one tenth of a nautical mile) was also randomly select- 
ed. All SR samples were collected inside the estuary using 
the small seine and a 183 mx 2.5 m center bag seine 
(37.5 mm stretch mesh, hereafter referred to as the ‘large 
seine’). Twenty-four to 32 small seines and 17 large seines 
were completed each month, with effort distributed equal- 
ly among zones. Half of the small seine samples were 
completed immediately adjacent to the shoreline (shore- 
line set), and half were completed > 5 m from shore (off- 
shore set). The small seine was pulled over a standardized 
area (140 m^) and then collapsed around a pivot pole to 
force the sample into the bag. The large seine was 
deployed by boat, set in a standardized rectangular shape 
(~ 40 m X 103 m) along the shoreline, and hauled up 
against the shoreline by hand. For all samples, T. falcatus 
were measured to standard length (SL) and released, and 
seagrass coverage (%), shoreline percent coverage by man- 
groves, water temperature (°C), salinity (psu), and dis- 
solved oxygen (DO, mg/L) concentration were recorded. 
Seagrass and mangrove coverage were visually estimated 
by samplers. 

Data Analyses 

Spatial patterns. We first examined whether juvenile 
permit abundance was similar throughout Charlotte 
Harbor. Following Poulakis et al. (2003), 5 zones that 
encompassed all of the shoreline and shallow water sam- 
pled in this study were defined based on hydrological char- 
acteristics (Alberts et al. 1969, 1970, Stoker 1992, 
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Figure 1. Locations of hydrological zones 1-5 (following Poulakis et al. 2003) and Fixed-Stations (FS) in Charlotte Harbor, 
Florida. 
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TABLE 1 


Number of permit caught and number of samples by gear type. Fixed-Stations (FS) were sampled from 1991-1995 
and Stratified-Random (SR) from 1996-2000. The 21 m seine was deployed immediately adjacent to the shoreline 
(Shoreline) or > 5 m from shore (Offshore). The 183 m seine was set only along the shoreline. 




21 m seine 


183 m seine 


Shoreline (SR) 

Offshore (SR) 

Shoreline (FS 3) 

Shoreline (FS 13) 

Shoreline (SR) 

Permit (n) 

76 

1 

24 

980 

162 

Samples (n) 

787 

785 

189 

165 

948 


Goodwin 1996) (Figure 1). Stratified-Random data were 
pooled within each zone, the number of fish per sample 
(large seine) or the number of fish/ 100 m^ (small seine) 
were calculated, and results were examined graphically. 
Because only one permit was collected in offshore sets 
with the small seine (SR), only shoreline sets were used in 
the analysis. Fixed-Station data were not included in this 
analysis because only 2 of the 5 zones contained a fixed 
station that was sampled with a shoreline set. Data were 
pooled across years and months, because we sought to 
determine the overall distribution pattern of juvenile per- 
mit within the estuary, rather than temporal patterns of 
variation. We were able to eliminate all but zones 4 and 5 
from further consideration with this analysis. 

Habitat types were classified according to shoreline 
and benthic vegetation cover. A shoreline was considered 
“mangrove” if intertidal vegetation (red mangrove, 
Rhizophora mangle, or black mangrove, Avicennia germi- 
nans) covered 0 40% of the adjacent shoreline, otherwise, 
the shoreline was considered “beach.” Benthic habitat 
types were classified as “high seagrass” if percent cover of 
seagrass {Thalassia testudinum, Halodule wrightii, and 
Syringodium filiforme) was 0 40% and as “low seagrass” 
if < 40% cover. We chose a 40% cutoff based on regional 
classifications of seagrass coverage and recent Charlotte 
Harbor research (Adams et al. 2004, B. Robbins, Mote 
Marine Lab, unpublished summary of seagrass communi- 
ty classification systems in Florida). 

To determine patterns of habitat type use by juvenile 
permit (H^: abundance of juvenile permit is similar in all 
habitat types) within zones 4 and 5, SR seine data were 
analyzed with a Friedman non-parametric test (Zar 1984) 
with Shoreline (mangrove, beach) and Benthic (high sea- 
grass, low seagrass) as factors. A non-parametric test was 
used because the data would not meet parametric statistics 
requirements, despite transformations, because of the high 
proportion of samples with no juvenile permit. If signifi- 
cant, habitat types were analyzed with a non-parametric 
post-hoc test similar to the Tukey procedure (Zar 1984). 

Data from the small and large seines were analyzed 


separately. All permit from the small seine were <100 mm 
SL. Permit captured in the large seine were divided into 2 
size groups (< 100 mm SL = small and 0 100 mm SL = 
large). Within each gear type, data were pooled across 
years and months. The months of June through December 
were used for small juveniles (peak recruitment), and all 
months were used for large juveniles (year round occur- 
rence). A significant result would indicate that numbers of 
juvenile permit differed among habitat types. 

Temporal patterns. Monthly mean abundances of 
juvenile permit from FS 13 and from SR zones 4 and 5 
were plotted to show seasonality of juvenile permit occur- 
rence. Only these data were used because almost all juve- 
nile permit were captured in these areas. 

Results 

Totals of 1,081 and 162 juvenile permit were captured 
with the small and large seines, respectively (Table 1). The 
number of juvenile permit captured by FS sampling totaled 
1004 (980 juveniles at FS 13), while 239 juvenile permit 
were captured in SR sampling. In the SR small seine sam- 
ples, all but one permit were captured in shoreline sets (vs. 
offshore sets) (Table 1). Most juvenile permit were cap- 
tured in zones 4 and 5 (Figure 2). Mean water temperature 
and DO varied little among the zones, in contrast to vari- 
able salinity (Table 2). Salinity differed among zones 
(ANOVA: F4,1428 = 310.75, P < 0.001), with salty zones 
5>4>3>2>1 (Bonferroni, all P < 0.05). 

Habitat type use patterns varied by gear and fish size, 
but indicate an overall higher use of habitats with lower 
complexity and habitat types adjacent to beach shoreline. 
Mean density of small (< 100 mm) juvenile permit caught 
in small seines was highest in low seagrass adjacent to 
beach shorelines (Friedman x^= 11.74, P<0.01, df = 3) 
(Figure 3a). In contrast, abundance of small permit caught 
with the large seine was higher over high seagrass adjacent 
to beach shoreline (Friedman c2 = 1 1.86, R < 0.01, df = 3) 
(Figure 3b). Abundance of large (0 100 mm) juveniles 
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Figure 2. Locations and abundance of permit captured in Charlotte Harbor, Florida using 21 m (triangles) and 183 m (circles) 
seines. 
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TABLE 2 


Summary statistics for abiotic variables from each zone during June-December, 1996-2000. s^^ = standard error. 


Zone 

Temperature (®C) 

Salinity (psu) 

Dissolved oxygen (ppm) 

Mean 


Range 

Mean 

^x 

Range 

Mean 

^x 

Range 

1 

27.0 

0.25 

14.8-34.5 

18.6 

0.39 

0.6-33.2 

6.5 

0.13 

0.9-16.2 

2 

27.7 

0.23 

14.3-34.4 

23.6 

0.29 

5.2-37.4 

6.5 

0.12 

0.2-12.0 

3 

27.4 

0.29 

14.5-36.2 

26.5 

0.40 

6.4-37.9 

7.0 

0.16 

1.0-17.0 

4 

27.3 

0.30 

15.8-34.1 

31.1 

0.24 

13.2-39.0 

7.0 

0.16 

0.5-14.1 

5 

26.7 

0.29 

15.8-35.0 

32.4 

0.20 

11.7-37.7 

7.9 

0.13 

1.5-16.7 


was greater over low seagrass adjacent to beach shorelines, 
but this difference was not significant (Friedman = 3 . 12 , 
P>0.10, df=3) (Figure 3c). 

Size of permit ranged from 15 to 360 mm SL, with 
each gear type biased toward different portions of the size 
range (Figure 4). The SR small and large seines captured 
juvenile permit from 15-72 mm and 42-360 mm, respec- 
tively. 

Catches of juvenile permit at FS 13 were consistently 
higher than catches for estuary-wide SR samples, but tem- 
poral trends were similar: densities were greatest from 
June through December (Figure 5). Monthly length fre- 
quencies of small juvenile permit indicate 2 temporally 
distinct settlement events (May-June and September- 
October, Figure 6). 

Discussion 

In contrast to most previously published studies of 
juvenile permit that report the use of only exposed beach- 
es on outer coasts, our study demonstrates the use of estu- 
arine habitat types in similar densities. Densities of small, 
juvenile permit in estuarine habitats in lower Charlotte 
Harbor (June-December) were similar to densities report- 
ed from the COM along the beaches of central Florida 
(2.93 fish/100 m2, Saloman and Naughton 1979). They 
were also much higher than densities reported from the 
northern Florida COM coast (0.13 fish/100 m2, Naughton 
and Saloman 1978), compared to overall mean densities of 
1.42 fish/100 m2 from SR samples and 2.94 fish/100 m2 
from FS samples in this study. Clearly, future studies that 
address the relative importance of nursery habitats for per- 
mit (Beck et al. 2001) should include both estuarine and 
coastal habitat types. 

Within the Charlotte Harbor estuary, juvenile permit 
are present seasonally and appear to undergo habitat shifts 
as they grow before vacating shallow estuarine waters. 
However, the origin of new juveniles and the destination of 
emigrating juveniles are unknown. Our results suggest that 


both habitat processes and larval transport patterns play 
important roles in the distribution of juvenile permit with- 
in Charlotte Harbor. The occurrence of juvenile permit in 
estuarine headwaters indicates that larvae are able to reach 
well into Charlotte Harbor; however, the majority of juve- 
niles were captured in the lower portions of the estuary. 
Finucane (1969) also found juvenile permit in an upper 
estuarine region in Tampa Bay, but only at a single beach 
location. In contrast, on the COM coast of northern 
Florida, juvenile permit were only found at an outer beach 
location and not in the St. Andrew Bay estuary (Naughton 
and Saloman, 1978). In our study, juvenile permit were 
captured in similar habitat types in upper and lower 
Charlotte Harbor — low seagrass adjacent to sandy beach- 
es. Possible explanations for our results are that fewer lar- 
vae reached the upper estuary which limited juvenile abun- 
dance, sufficient larvae did reach the upper harbor but 
quickly reached maximum densities in the few isolated 
areas with appropriate habitat types, sufficient larvae 
reached these areas but suffered high mortality, or differ- 
ences in abiotic factors affected settlement site selection or 
post-settlement mortality. 

The high association of small juvenile permit with low 
structural-complexity habitat types (low seagrass adjacent 
to beach shoreline) is counter to conventional wisdom. 
Small juvenile fishes use structurally complex habitat 
types as refuges from predation (e.g., Savino and Stein 
1989, Sogard and Olla 1993, Jordan et al. 1996, Adams et 
al. 2004). Once fish reach a size where growth benefits 
afforded by access to more food outweigh predation risk, 
juveniles may move into less complex habitat types (e.g., 
Dahlgren and Eggleston 2000). In our study, small juvenile 
permit were most abundant in the least complex habitat 
types sampled and expanded their habitat type use to 
include more complex habitats as they grew. Whether this 
is due to low predation, availability of specific required 
food types, or foraging efficiency is unclear. 

Juvenile permit undergo ontogenetic shifts in diet 
(Carr and Adams 1973). The diet of juveniles 15-20 mm 
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Figure 3. Habitat type use patterns of juvenile permit captured in 21 m and 183 m seines using the Stratified-Random (SR) sam- 
pling protocol. Only samples in June through December in zones 4 and 5 were used in this analysis for the 21 m seine; all 
months, only zones 4 and 5 for the 183 m seine. Values not significantly different among habitat types (Tukey, P < 0.05) share 
an*. (A) Density of juveniles < 100 mm SL caught with the 21 m seine (n = 197 hauls). (B) Number of juvenile permit < 100 mm 
SL per sample caught with the 183 m seine (n = 339 hauls). (C) Number of juvenile permit > 100 mm SL per sample caught 
with the 183 m seine (n = 339 hauls). Mean ±1 Standard Error are plotted. 


135 


Adams and Blewett 



standard length (mm) 

Figure 4. Length frequency distribution of 238 juvenile per- 
mit caught by the 21 m seine (open bars) and 183 m seine 
(black bars) using the Stratified-Random (SR) sampling pro- 
tocol. 

SL is dominated by small fish and mysids. Permit 61-70 
mm eat mostly crabs and gastropods (Carr and Adams 
1973). Larger crustaceans and mollusks dominate the diet 
of 50-100 mm permit, and mollusks are the predominant 
food of permit 100-138 mm (Finucane 1969). These data 
are insufficient to warrant a food-based explanation to the 
apparent habitat type shift observed in our study. 

Permit catches from the small and large seines must 
be interpreted with regard to each gear’s sampling bias. 
Large juvenile permit were likely able to avoid the small 
seine, and small permit passed through the mesh of the 
large seine (Figure 4). This results in size gaps in the com- 
parisons of habitat types between juveniles (15-72 mm 
SL) collected in the small seine with juveniles (42-360 
mm SL) collected in the large seine. In addition, the 
amount and areas of benthic habitat types sampled differed 
between the 2 seining operations. The small seine (shore- 



Month 


Figure 5. Density of juvenile permit caught in 21 m seines by 
month from 1991-1995 at Fixed-Station (FS) 13 and from 
1996-2000 at Stratified-Random (SR) locations. Mean +1 
Standard Error are plotted. 


line set) only sampled the bottom to 15.5 m from shore, 
whereas the large seine sampled bottom out to 40 m and 
potentially sampled multiple habitat types per seine haul. 
Thus, the apparent use of high seagrass adjacent to beach 
by small juvenile permit caught with the large seine may 
have been confounded by the gear. The small permit may 
have been associated with low seagrass near the shoreline, 
but their habitat was characterized by assessment of habi- 
tat type farther offshore. Because small juvenile permit 
were collected primarily near the shoreline and the small 
seine sampled a single habitat type, we believe that the 
small seine data provided more precise information on 
habitat types where small permit reside (Finucane 1969, 
Naughton and Saloman 1978, AJA, unpubl. data). This 
supposition is supported by the near absence of small juve- 
nile permit in offshore small seine samples. Moreover, 
habitat types adjacent to beaches had higher abundances of 
small and large juvenile permit than the same habitat types 
adjacent to mangrove shorelines (Figure 3). 

The distinct seasonality of small juveniles in Charlotte 
Harbor is similar to findings from other locations in 
Florida, and support Crabtree et al.’s (2002) conclusion of 
a spring through summer spawning season. Peak abun- 
dance of juveniles in summer or fall also occurred along 
beaches of the COM coasts of northern (Naughton and 
Saloman 1978) and central (Saloman and Naughton 1979) 
Florida, along the Atlantic coast of central Florida (Peters 
and Nelson 1987), and in Tampa Bay (Finucane 1969, 
Crabtree et al. 2002). However, these findings are in con- 
trast to data from St. Croix, US Virgin Islands (I. Mateo, 
US Virgin Islands Division of Fish and Wildlife, 
Fredricksted, St. Croix, pers. comm.), Turneffe Atoll, 
Belize (AJA, unpub. data), and the Florida Keys (C.W. 
Hamden, Florida Marine Research Institute, Melbourne, 
FL, pers. comm.), where juvenile permit were captured 
throughout the year in similar sizes and habitat types as in 
our study. Numerous, non-exclusive explanations for these 
differences include 1) differences in spawning seasonality 
with Charlotte Harbor and other subtropical and warm- 
temperate locations receive post-settlement stage larvae 
during much of the year, but conditions become unsuitable 
for juvenile permit in winter, causing mortality or early 
emigration from estuarine nursery habitats, and 2) individ- 
uals experience highly variable growth rates. 

Although seasonality of abundance was similar at FS 
13 and for SR samples, the consistent differences in densi- 
ties between FS 13 and SR samples highlights the tradeoffs 
of these sampling strategies. The SR strategy provides an 
overview of temporal and spatial use of Charlotte Harbor, 
but because all habitat types in all zones are sampled 
monthly, total catches relative to sampling effort are lower. 
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Figure 6. Monthly length frequency of permit caught with the 21 m seine at Fixed-Station (FS) 13. Data pooled over all years 
(1991-1995). 
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The SR sampling strategy is well suited for examining pat- 
terns of habitat type use within the estuary. The compara- 
tive sampling approach of the SR strategy allowed us to 
incorporate multiple habitat types (shoreline and subtidal 
benthic) into our examination of habitat type use by juve- 
nile permit. While previous work showed use of habitat 
types adjacent to beach shorelines by juvenile permit, our 
study has further described the benthic habitat types adja- 
cent to these shorelines. In contrast, the FS sampling strat- 
egy is not as well suited for determining patterns of habi- 
tat use, in part because not all habitat types are represent- 
ed in all zones. When FS locations are found in habitats 
used by a target species, this is a good strategy for exam- 
ining temporal trends, and appropriately chosen locations 
can be used as indexes of recruitment for that species. 

The patterns of habitat type use, seasonality, and spa- 
tial distribution in Charlotte Harbor raise numerous ques- 
tions. Are the estuary-wide distribution patterns caused by 
patterns of larval supply, habitat requirements, or a combi- 
nation of factors? To what extent are the observed patterns 
of habitat type use in the lower estuary due to food limita- 
tion vs. predation? What are the sources of the juveniles in 
Charlotte Harbor? To what extent do juveniles found in 
Charlotte Harbor contribute to adult populations in the 
region, i.e., to what extent are estuarine juvenile habitat 
types sources or sinks? Since permit >350 mm SL do not 
appear to use shallow shoreline habitat types in Charlotte 
Harbor, the potential function (i.e., the proportional contri- 
bution of permit from these nursery habitats to adult pop- 
ulations (Beck et al. 2001)) of Charlotte Harbor as a nurs- 
ery should be investigated. Although each question 
addresses an important ecological and management con- 
cern, the last question pertains directly to potential impacts 
of coastal development, especially if the estuarine nursery 
habitats are determined to be a population source. Given 
rates of anthropogenic degradation of these nearshore 
habitat types, findings from studies that address these 
questions should have immediate management implica- 
tions. 
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ABSTRACT Predation may be important in structuring fish assemblages but studies of the intensity of predation on 
marine fish assemblages are uncommon. Predator avoidance behavior was used to identify the predators of an 
assemblage of blennies found on offshore petroleum platforms in the northern Gulf of Mexico. The distribution of 
predators was then compared with the distribution of 3 species of blennies to see if predation intensity was related 
to the vertical zonation of blennies. Predator approaches and blenniid activity were compared in low and high sur- 
face current events. Results did not support a hypothesis of predation controlling the distribution and abundance of 
blennies. Also, predators were less abundant and blennies increased their activity when a surface current was pres- 
ent. ‘Enemy free space’ created by surface currents may help explain why predation is not important in structuring 
these blenniid assemblages. 


Introduction 

In recent years the role of predation in assemblage 
regulation has received increased attention (reviewed by 
Sih et al. 1985, Ebeling and Hixon 1991). Although preda- 
tion is recognized as an important assemblage structuring 
process, it has received little attention in marine fish sys- 
tems (reviewed by Hixon 1991). Studies of predation 
effects in marine fish assemblages are constrained by 
design and implementation problems (Hixon 1991, Hixon 
and Beets 1993). 

Blenniid assemblages (Family: Blenniidae) on off- 
shore petroleum platforms in the northern Gulf of Mexico 
(GOM) are characterized by a distinct bathymetric zona- 
tion (Rauch 2003). Scartella cristata are found only in the 
upper few meters of the water column whereas 
Parablennius marmoreus are most abundant at 15 m and 
do not occur at depths < 5 m. Hypsoblennius invemar are 
found throughout the water column (to depths > 15 m) but 
are more abundant at shallower depths. The abundance of 
blennies (all species combined) decreases with increasing 
depth (at least to 30 m)(Rauch 2003). Although blennies 
are abundant on offshore platforms, their biomass is small 
compared to most northern GOM fishes (Gallaway and 
Lewbel 1982). 

If predators are limiting S. cristata to depths < 5 m, I 
should find different predators and abundance at 5 m and 1 
m depths. Likewise, if predators are limiting P. marmoreus 
abundance at 10 m, I should find one or more predators at 
10 m depths, where the blenny is less abundant, and not 
find those predators (or find fewer of them) at 15 m depths, 
where the blenny is twice as abundant. Additionally, if 
predators reduce the abundance of blennies (all species 
combined) as depth increases, I should find a greater num- 


ber of predators at deeper depths. Equal densities of pred- 
ators at different depths would not be expected if predation 
were affecting this blenniid distribution. 

Surface currents are common but not always present 
in the northern GOM (Gallaway and Lewbel 1982), and 
fishes around offshore petroleum platforms often congre- 
gate below surface currents (pers. obs.). Stanley and 
Wilson (1997), using hydroacoustics, noted that fishes < 
20 cm were uncommon around offshore platforms during 
current events. Fishes < 20 cm are within the size range of 
fishes likely to prey upon blennies, which reach a maxi- 
mum size of 8 cm (Hoese and Moore 1998). Lima and Dill 
(1990) suggested that animals assess the risk of predation 
and behave in a way that reduces this risk. Thus, a surface 
current may reduce the abundance of fishes likely to be 
predators of blennies and provide the blennies with ‘enemy 
free space’ (Jefferies and Lawton 1984). 

Herein I classify fishes as predators/non-predators of 
blennies and compare the distribution of blenny predators 
with the distribution of blennies. Additionally, I relate 
blenniid activity with the abundance of blenniid predators 
when surface currents are present or absent. 

Materials and Methods 

Observations of fishes (predator/visitors) and blenny 
behavior were collected between 0830 and 1300 hrs using 
SCUBA. Blennies chosen for detailed observations were 
spatially separated by > 5 m, and all focal blennies were 
located within 0.5 m of one of the depths listed. 
Observations at 10 and 15 m were conducted every day 
during the periods of 24-27 July 1996 and 16-24 July 
1997 at East Breaks 165 A, a platform located 158 km 
south of Galveston, Texas, in 1 16 m of water. One and 5 m 
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observations were conducted on four days between 25 July 
and 29 August 1998 at or around 7 platforms (South 
Timbalier 134S, 128R, 1510, 135M, 128X, 151COMP, 
and 1511) located 50 km south of Fourchon, Louisiana. 
Platforms are numerous and concentrated within a small 
area at the Fourchon site (Kasprzak 1998). Depth of these 
platforms ranged from 30 m (the northernmost platform) 
to 43 m (the southernmost). Both East Breaks and 
Fourchon sites have similar blenniid abundance and distri- 
bution patterns (Rauch 2003, pers. obs.). 

1 conducted 10 observations (15 min each) at each of 
the four depths in 1997 and 1998. Due to logistical con- 
straints, 2 observations in 1997 at the 15 m depth were 
shortened to 7.8 and 6.4 min. In 1996 a strong surface cur- 
rent limited me to eight observation periods between 10 
and 15 m at FBI 65 A. 

1 used the predator avoidance behavior of blennies, 
sheltering in barnacle cavities, to classify all fishes larger 
than adult blennies (those which approached within 1 m of 
a blenny) as ‘predators’ or ‘non-predators’ (Lima and Dill 
1990, Hastings 1991). If a blenny retreated into a cavity 
when a fish approached, the approaching fish was classi- 
fied as a predator. If a blenny did not retreat into its cavity, 
the approaching fish was classified as a non-predator. 1 
also categorized the abundance of all fishes which 
approached within 3 m of the focal blenny as follows: fish 
species which approached at a rate of between one and 
four times in a 15 min observation were listed as ‘present,’ 
and those that approached at a rate of five or more times 
were ‘numerous.’ To avoid errors in identifying dam- 
selfishes, all species were grouped as Stegastes spp. 
(Rooker et al. 1997) except for Abudefduf saxatilis which 
could be easily identified by color pattern. Finally, for each 
depth in 1997 and 1998 1 recorded the number of preda- 
tors/visitors not recorded in a previous observation to 
ensure adequate sampling. 

I used blenniid abundance data from Rauch (2003) for 
the Fourchon platforms. Blenniid abundance at 5, 10, and 
15 m was determined using visual surveys (described in 
Rauch 2003) in 1997 at East Breaks 165 A. 

I also classified blenny behavior into one of the fol- 
lowing categories: a) in cavity, b) moving outside the cav- 
ity, c) feeding, and d) interactions with other blennies. I 
recorded the activity that the focal blenny was engaged in 
every five sec throughout each 15 min observation period. 
I classified water current at the beginning of each observa- 
tion as follows: a) no current, b) slight current — divers had 
no trouble swimming against this current, c) strong cur- 
rent — divers had trouble swimming against this current 
and limited dive time to less than 30 min, and d) very 
strong current — divers could only swim short distances 


(< 10 m) against this current and had to be put in the water 
up-current of the platform and leave the water down-cur- 
rent of the platform. 

I used student-? tests to compare numbers of blennies 
at different depths when normality assumptions were satis- 
fied. If the normality assumption was not satisfied, I used 
a Mann- Whitney (MW) U-test. I grouped blenniid preda- 
tors by depth and compared their frequency of approach 
using Chi-square tests of independence (Siegel and 
Castellan 1988). McNemar’s test was used to compare dif- 
ferences in proportions of predator approaches and blenni- 
id behavior (sheltering in cavity or outside of cavity) 
(Siegel and Castellan 1988). 

Results 

At the 1 and 5 m depths (Fourchon platforms), 10 
species of fishes approached the focal blennies and 4 were 
considered blenniid predators (Table 1). Blenniid predators 
outnumbered non-predators in approaches (within 1 m) by 
35 to 19. 

In 1997, the 10 and 15 m depths (East Breaks plat- 
form) were visited by 20 species of fishes, of which 8 were 
classified as predators (Table 1). Visits (within 1 m) by 
non-predators of blennies at this site outnumbered preda- 
tors by 126 to 14. In 1996, predators were so rare during 
the high current periods that their distribution could not be 
examined. 

In the 1 and 5 m observations combined (n = 20), no 
new species of approaching fishes (both predators and 
non-predators) were recorded after the 1 1th observation. In 
the 10 and 15 m observations (in 1997), no new species of 
fishes (neither predators nor non-predators) were recorded 
after the 14th observation. Therefore, there were an ade- 
quate number of observation periods. 

Blennies were very consistent in their avoidance of 
predators. In only 2 of 49 cases did a fish categorized as a 
predator approach within 1 m and not elicit a predator 
avoidance response by the blenny. In both cases, the pred- 
ator veered off in another direction before it approached 
within 0.5 m of the focal blenny. 

Species Distribution 

No difference was found in the blenniid predator 
approaches at 1 and 5 m (x^ = 0.84, P - 0.84) or at 10 and 
15 m (x^=6.4, P = 0.49). Because several of the less 
abundant predators were detected in fewer than five of the 
observations, these tests lack the desired power (Siegel and 
Castellan 1988). Therefore, I analyzed each species indi- 
vidually. Scartella cristata was more abundant at 1 m 
(6.75/m2) than at 5 m (0.16/m2)(MW U <0.001, P = 
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TABLE 1 

The number of fishes approaching within 1 m of a focal blenny and number of times the blenny displayed preda- 
tor avoidance behavior in all observations at the depths listed. Number of 15 min observations (out of 10) that pred- 
ators/visitors were recorded. Personal observations include observations at these platforms and others that were 
not part of this project’s data collection. Predator/Non-predator classification determined by: ^observations at 
other depths, **stomach content analysis (Randall 1967), ***personal observations. 



Approaches 

Avoidances 

Number of times present 
(numerous in parenthesis) 

Depth Depth 

1 m 5 m 

1 and 5 m observations 

(Predators of blennies) 

Lutjanus griseus 

25 

24 

8(4) 

8(2) 

Bodianus rufiis 

5 

4 

2 

1 

Epinephelus adscensionis 

2 

2 

3 

5 

Caranxfusus 

2 

2 

4 

5 

(Non-predators of blennies) 

Stegastes sp. 

8 

0 

3(1) 

3 

Abudefduf saxatilis 

3 

0 

5 

2 

Batistes capriscus 

1 

0 

1 

1 

Kyphosus sectatrix 

2 

0 

2(10) 

0 

Chaetodipterus faber 

6 

0 

6 

6(3) 

*** Sphyraena barracuda 

0 

0 

1 

1 

10 and 15 m observations 

(Predators of blennies) 

Seriola dumerili 

2 

2 

1 

3 

Seriola rivoliana 

8 

8 

3(1) 

5(3) 

Bodianus rufus 

2 

2 

3 

1 

Epinephelus adscensionis 

1 

1 

3 

2 

Lutjanus griseus 

1 

1 

0 

1 

* Caranx jusus 

0 

0 

5(3) 

6(4) 

** Caranx latus 

0 

0 

1 

0 

** Caranx lugubris 

0 

0 

0 

2 

(Non-predators of blennies) 

Acanthurus coeruleus 

45 

0 

6 

8 

Stegastes spp. 

13 

0 

4(2) 

2 

Paranthias furcifer 

52 

0 

6(4) 

5(3) 

Kyphosus sectatrix 

7 

0 

4(1) 

2 

Abudefduf saxatilis 

3 

0 

2(1) 

0 

Carcharhinus falciformis 

1 

0 

4 

5 

Batistes capriscus 

1 

0 

5 

1 

Thalassoma bifasciatum 

2 

0 

1 

1 

Canthigaster rostrata 

1 

0 

0 

1 

Cantherhines pullus 

1 

0 

1 

0 

*** Sphyraena barracuda 

0 

0 

4 

4 

** Pomacanthus paru 

0 

0 

1 

0 
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<0.0001). Lutjanus griseus and Caranx fusus had nearly 
the same abundance at both depths and Bodianus rufus was 
more abundant at the shallower depth. Epinephelus 
adscensionis was slightly more abundant at 5 m but was 
detected at both depths. 

Parablennius marmoreus was more abundant at 15 m 
(0.63/m2) than at 10 m (0.29/m2)(U = 42.5, P = 0.029). 
Ten and 15 m observations revealed Seriola dumerili, 
Seriola rivoliana, L. griseus, C. fusus, and Caranx 
lugubris were more abundant at 15 m than at 10 m. This 
distribution is the opposite of that expected if these fishes 
were limiting the distribution of P. marmoreus. Bodianus 
rufus and E. adscensionis were present in nearly equal 
numbers at the two depths. Only Caranx latus was found 
(one time) at 10 m and not at 15 m. This was the only C. 
latus seen around this platform throughout the data collec- 
tion period (9 days). 

Blenniid Abundance 

The abundance of blennies dropped from 12.54/m^ at 
1 m to 7.92/m^ at 5 m (student-t = 5.96, P - < 0.0001). 
However, predators (all species combined) did not display 
an increased frequency of approaches (within 1 m) as 
depth increased from 1 m (4.88/hr) to 5 m (7.78/hr) 
(MW U = 29.0, P = 0.123). 

The abundance of blennies was higher at 10 m 
(1.89/m2) than at 15 m (1.32/m2)(MW U = 32.0, 
P - 0.006). However, predators (all species combined) did 
not approach more frequently at 15 m (3.05/hr) than at 
10 m (2.75/hr)(MW U = 48.0, P = 0.912). 

“Enemy free space” and currents 

All observation periods {n = 1089) in 1996 were clas- 
sified as ‘high current’ while all observation periods in 
1997 in = 3488) were classified as ‘low current.’ The pro- 
portion of predator approaches (within 1 m) in the ‘high 
current’ year (0.18%) was significantly less than the pro- 
portion of predator approaches in the ‘low current’ year 
(0.40%) (McNemar’s test; = 1043.8, P < 0.0001). 

Blenniid behaviors outside the barnacle cavity includ- 
ed swimming, feeding, patrolling territorial borders, and 
intra- and interspecific interactions. The focal blennies 
were outside the barnacle cavity more often in the ‘high 
current’ (11.0%) than in the ‘low current’ (1.7%) events 
{x^= 3083.4, P < 0.0001). The proportion of observations 
where blennies were feeding was higher in ‘high current’ 
(1.6%) than in ‘low current’ (0.7%) events {x^= 1003.0, 
P< 0.0001). 


Discussion 

Predator avoidance behavior of blennies was effective 
in classifying fishes as predators or non-predators, and my 
classifications were consistent with stomach content 
analysis (Randall 1967). Additionally, through this 
research I was able to add species considered blenny pred- 
ators not recorded by Randall. Fishes recorded around 
platforms in this study were consistent with the species 
listed over the last 2 decades (Sonnier et al. 1976, Putt 
1982) as well as recently (Bull and Kendall 1994, Rooker 
et al. 1997, Stanley and Wilson 1997). 

The approaches of predators at 1 and 5 m is not con- 
sistent with a hypothesis of predators limiting the distribu- 
tion of S. cristata to the upper few meters of the water col- 
umn. No predators were found at 1 m or 5 m. Observations 
at 10 and 15 m failed to find any predators with a distribu- 
tion that could limit the numbers of P. marmoreus found at 
10 m. Only 2 predators were more common at 15 m, and 
one, C. latus, was observed only once in the 9 d of obser- 
vations. This lone individual did approach within 3 m of a 
focal blenny, but rare species are not likely to limit or 
restrict the distribution of a prey species. Rooker et al. 
(1997) and Stanley and Wilson (1997, 2000) found that C. 
latus were rare or not present in their observations. 
Bodianus rufus was recorded in three observation periods 
at 10 m and one at 15 m. Rooker et al. (1997) found B. 
rufus less common at depths < 9 m, a distribution not con- 
sistent with the expected distribution if this predator was 
limiting the distribution of P marmoreus. Bodianus rufus 
are territorial (Hoffman 1983) and additional observations 
indicated this species consistently frequented parts of the 
platform that offer some cover (where diagonal and verti- 
cal members meet). Such a territorial behavior would limit 
the potential for this predator to restrict a prey species on 
areas of the structure that are not a part of its territory. 
Overall, predation is apparently not important in limiting 
the distribution of P. marmoreus. 

The abundance of blennies decreased with increasing 
depth in both 1 to 5 m and 10 to 15 m observations. 
However, the number of predators did not increase at these 
depths. Callaway and Lewbel (1982) found that the bio- 
mass of algae and invertebrates was higher at shallower 
depths which may limit the numbers of blennies found at 
greater depths due to lack of prey. Additionally, because 
blennies shelter and spawn in barnacle cavities, the distri- 
bution of barnacle cavities may limit the distribution of 
blennies (Smith- Vaniz 1980, Rauch 2003). 

I found that fishes which produced a predator avoid- 
ance response in blennies (predators) were less abundant in 
observations taken in a current when compared to observa- 
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tions taken in the absence of a current. These fish abun- 
dance patterns are consistent with hydroacoustic measure- 
ments taken by Stanley and Wilson (1997). When preda- 
tors were less abundant, the blennies spent more time out- 
side their cavity. The greater proportion of time spent out- 
side of shelters in a ‘high current’ suggests that these 
blennies are able to assess the reduced threat of predation 
(Lima and Dill 1990). The frequency of sheltering behav- 
ior supports the hypothesis of currents producing ‘enemy 
free space’ which the blennies exploit by increasing their 
movement out of shelters. 

On offshore petroleum platforms, blennies experience 
a temporally changing risk of predation and would be 
expected to minimize their risk of predation by feeding at 
a greater rate in a ‘high current.’ I found higher feeding 
rates when fewer predators were present (‘high current’ 
periods). Changes in blenny behavior associated with 
‘enemy free space’ would reduce the opportunities for 
predators to prey upon blennies and thus reduce the poten- 
tial for predation to affect the distribution and abundance 
of these blennies. My observations of the distribution and 
abundance of blenniid predators failed to support a hypoth- 
esis that predation is an important biotic interaction in pro- 
ducing the abundance and distribution patterns of blennies 
around offshore petroleum platforms. Further research 
should focus on factors restricting the numbers of blennies 
with increasing depth. 
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ABSTRACT Only 2 species of mysids, Heteromysis spottei and Stygiomysis clarkei, have been previously reported 
from the Turks and Caicos Islands. Between 1988 and 1990, 21 species of mysids were collected from reef (to 38 
m) and shallow non-reef habitats surrounding Pine Cay, Fort George Cay, and Water Cay, Turks and Caicos Islands. 

One species collected, Anchialina typica, is distributed throughout tropical and subtropical seas. Twelve species 
(Bowmaniella johnsoni, Dioptromysis paucispinosa, Heteromysis bermudensis, H. guitarti, H. mayana, Mysidium 
columbiae, M. gracile, M. integrum, Mysidopsis bispinulata, M. brattstromei, Parvimysis bahamensis, and Siriella 
chierchiae) are widely distributed throughout the subtropical and tropical waters of the Northwest Atlantic. Five 
species {Amathimysis serrata, A. torleivi, Heteromysis coralina, Mysidopsis mathewsoni, and Siriella chess!) are 
reported for only the second or third time. Three undescribed species are recognized: 2 species of Amathimysis asso- 
ciated with either gorgonians on reefs or grass beds and a species of Heteromysis collected from sponges on deep- 
er reefs. 


Introduction 

The Turks and Caicos Islands are the northernmost 
islands in the British West Indies and are located about 175 
km north of Hispaniola and 250 km northeast of Cuba. 
This archipelago of inhabited and uninhabitated islands is 
geologically part of the southeastern Bahamas (Schotte et 
al. 1991). 

This report represents the fifth in a series devoted to 
the crustacean fauna of the Turks and Caicos Islands. The 
first 4 contributions dealt with marine isopods (Kensley 
and Heard 1991, Schotte and Heard 1991, Schotte et al. 
1991) and a mysid species (Price and Heard 2000). In 
addition, another series of 5 publications addressed the 
taxonomy, distribution, and ecology of commensal palae- 
monid shrimps (Heard and Spotte 1991, Heard et al. 1993, 
Spotte, et al. 1994, Spotte and Bubucis 1996, Heard and 
Spotte 1997). 

To date, documentation of the mysid fauna of the 
Turks and Caicos Islands includes only 2 species; 
Stygiomysis clarkei Bowman, Iliffe, and Yager, 1984 and 
Heteromysis spottei Price and Heard, 2000 were described 
from an anchialine cave on Middle Caicos Island 
(Bowman et al. 1984) and from live bottom (calcareous 
algae, sponges, anthozoans) off Pine Cay (Price and Heard 
2000), respectively. The purpose of this study is to docu- 
ment the marine mysid fauna from the reef (to 38 m) and 
shallow non-reef habitats surrounding Pine Cay, Fort 
George Cay, and Water Cay, Turks and Caicos Islands 
(Figure 1). 


Materials and Methods 

Mysids were collected from subtidal habitats in the 
vicinity of Pine Cay, St. George Cay, and Water Cay in the 
northeastern Turks and Caicos Islands (Figure 1) between 
April 1988 and June 1990. Collecting methods included 
the use of fine mesh kicknets (0.5 and 1.0 mm), an epiben- 
thic sled (0.33 mm), plankton nets (mouth dia. 33 cm, 0.33 
mm mesh size), yabby pumps, and plankton (light) traps. 
Algal-sponge-rock substrata were gently washed in a weak 
formalin- seawater solution and specimens were captured 
on a 0.5 mm sieve. SCUBA was used to collect subtidal 
organisms. The slimy sea plume Pseudopterogorgia amer- 
icana (Gmelin, 1791) and other gorgonian species were 
sampled for crustacean associates utilizing hand nets, kick- 
nets, and plastic bags placed over the gorgonians from the 
Turks and Caicos Islands. Additional samples were col- 
lected with a kicknet by the second author from Tobago in 
1993 and during a study by Spotte et al. 1995 from Guana 
Island, British Virgin Islands in 1995 in which plastic bags 
were used. The plastic bagging procedure is described in 
detail by Spotte et al. 1995 and Spotte and Bubucis 1996. 
Samples were preserved in 10% formalin-seawater. 
Measurements of total length of mysids were determined 
as the distance from the anterior dorsal margin of the cara- 
pace to the posterior margin of the telson, excluding spini- 
form setae. Brood size was determined from counts of 
young removed from full marsupia of ovigerous females. 
Larval development was categorized into 3 phases accord- 
ing to Wittmann (1981): 1) embryonic — embryo spherical 
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Figure 1. Map showing collecting sites in waters adjacent to Pine Cay, Itirks and Caicos Islands, British West Indies. Scale=Ikm. 


and surrounded by an egg membrane; 2) nauplioid — larva 
elongate, but enclosed in naupliar cuticle; 3) postnau- 
plioid — all appendages and eyestalks free following molt 
of cuticle. Representative specimens of each described 
species are deposited in the National Museum of Natural 
History, Smithsonian Institution, Washington, DC, and the 
Gulf Coast Research Laboratory Museum. 

Results 

Eighteen described and 3 undescribed species of 
mysids were identified from more than 1500 specimens 
collected from subtidal habitats surrounding Pine Cay. 
Occurrence, distribution, ecological information, and, at 
times, systematic remarks are presented for each species. 
Synonymies, type localities, and detailed ecological 
remarks are given only for species not treated in Price et al. 
(2002). For an illustrated key to most species included in 


this study, see Price et al. 2002. Refer to figure 2 for the 
general morphological features of the family Mysidae. 

Order Mysida 
Family Mysidae 
Sub-family Siriellinae 
Siriella chessi Murano, 1986 
(Figure 3B) 

Material, (males-2, ovigerous females-0, immature 
females-6, juveniles-0). Pine Cay, Aquarium, plankton 
trap, night, 12 Oct 1989. — (0-0- 1-1), Pine Cay, North 
beach, sand, epibenthic sled, night, 12 April 1989. 

Distribution. Virgin Islands (Murano 1986); Cayman 
Islands (Price et al. 2002); Turks and Caicos Islands (pres- 
ent study). 

Ecological remarks. Collections of Siriella chessi in 
the Turks and Caicos represent the third report for this 
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Figure 2. Morphological features typical of the Mysidae. 


species. Specimens were collected only in the water col- 
umn at night. Similar to other oceanic and neritic species 
of Siriella, this species probably undergoes vertical migra- 
tion and remains near the bottom during the day. 

Systematic remarks. See remarks for Siriella chier- 
chiae. 

Siriella chierchiae Coifmann, 1937 
(Figure 3A) 

Material, (males- 1, ovigerous females-0, immature 
females-0, juveniles-0), Pine Cay, deep fringing reef, 
sand/silt, 34-38 m, hand net, 4 Nov 1988. — (l-O-l-O), Pine 
Cay, deep fringing reef, yellow sponge, 34-38 m, 10 Nov 
1988. — (O-O-l-O), Water Cay, algae at reef top, 3-4 m, 
algae washings, 18 Apr 1988. — (0-1 -0-0), South Satellite 
Cay, 1-2 m, 11 Nov 1988.— (0-1 -0-0), Crab Hole Cay, 1 
m, 2 Nov 1988. — (0-1 -0-0), Rock-a-Wash Cay, sand, 1 m, 
kicknet, 11 Apr 1988. — (4-0-1-0), Rock-a-Wash Cay, 
Neogoniolithon washings, 0.5 m, 16 Apr 1988. 

Distribution. Caribbean Sea, coastal waters of west- 
ern Atlantic to Brazil (Coifmann 1937, W.M. Tattersall 
1951, Brattegard 1970a, b, 1973, 1974a, b, 1975, Bacescu 
and Ortiz 1984, Modlin 1987a, Markham et al. 1990, Price 
et al. 2002), Key West, Florida (Tattersall 1951), Gulf of 
Mexico (Modlin 1984, Escobar-Briones and Soto 1988). 

Ecological remarks. This species was associated with 
a variety of benthic substrata during daytime sampling. 

Systematic Remarks. Mature specimens of this 
widely distributed western Atlantic species exhibited 


greater morphological variation than previously reported. 
A 6 mm ovigerous female has 30 spiniform setae on the 
uropodal endopod and 7 spiniform setae on the outer mar- 
gin of the proximal article of the uropodal exopod. These 
numbers are smaller than previously reported (see Price et 
al. 2002) and overlap with setal counts for Siriella chessi. 
Differences in setation of the posterior two-thirds of the 
lateral telson margins appear to be the only reliable char- 
acteristic separating these 2 species. Siriella chessi has a 
row of subequal spiniform setae (Figure 3B); whereas, S. 
chierchiae has a series of spiniform setae in which larger 
ones are separated by groups of 2-6 smaller ones (Figure 
3A). 

Sub-family Gastrosaccinae 
Anchialina typica (Kroyer, 1861) 

(Figure 3D) 

Material, (male-1, ovigerous female- 1, immature 
female- 1, juvenile-0). Pine Cay, deep fringing reef, 
sand/silt, 34-38 m, 4 Nov 1988. — (0-0-0- 1), Pine Cay, 
shallow inner reef, sand-pebble, 4 m, 5 Nov 1988. — (0-1- 
0-3), Pine Cay, North beach, sand, 3-4 m, epibenthic sled, 
night, 9 Nov 1988. — (O-O-O-l), Pine Cay, Aquarium, 
plankton trap, night, 12 Sept 1989. 

Distribution. Widely distributed in the tropical and 
sub-tropical regions of the Atlantic, Indian and Pacific 
oceans (W.M. Tattersall 1951, li 1964, Brattegard 1970a, 
1973, 1975, Bacescu and Ortiz 1984, Price et al. 2002), 
waters off Nova Scotia (Nouvel 1943), South Carolina 
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Figure 3. Telsons, dorsal view. A, Siriella chierchiae; B, Siriella chessi; C, Dioptromysis paucispinosa entire, closeup of apex D, 
Anchialina typica; E, Bowmaniella johnsoni; F, Mysidopsis brattstroemi; G, Mysidopsis mathewsoni; H, Mysidopsis bispinulata; I, 
Mysidium colombiae; J, Mysidium integrum; K, Mysidium gracile. Scales = 0.1 mm. 


(Wigley and Bums 1971), Gulf of Mexico (Hopkins 1966, 
Stuck et al. 1979a, b, Modlin 1984, Price et al. 1986). 

Ecological remarks. This widely distributed species 
was collected on/over sand bottoms during the day and in 
the water column at night. 

Systematic Remarks. None. 


Bowmaniella johnsoni (W.M. Tattersall, 1937) 
(Figure 3E) 

Material, (males-0, ovigerous-0, immature females- 
1, juveniles-0). Pine Cay, seagrass beds, 2 m, epibenthic 
sled, night, 8 Nov 1988. — (6-6-5-0), Pine Cay, North 
beach, 1.0-1. 5 m, sand, kicknet, 4 Nov 1988. — (10-7-29- 
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Figure 4. A, Amathimysis torleivi, telson; B, A. torleivi , antennal scale; C, A. serrata, telson; D, A. serrata, antennal scale; E, 
Amathimysis sp. A, telson; F, Amathimysis sp. B, telson; G, Amathimysis sp. B, carapace (dorsal view); H, Heteromysis mayana, 
telson; I, Heteromysis sp. A, telson; J, H. coralina, telson; K, H. guitarti, telson; L, H. bermudensis, telson; M-O, Parvimysis 
bahamensis, showing variation in telson morphology. Scale = 0.1 mm. 


0), Pine Cay, North beach, 1.0-1. 5 m, sand, plankton net, 
night, 30 Nov 1988. — (11-5-13-0), Pine Cay, North beach, 
sand, 3-4 m, epibenthic sled, night, 9 Nov 1988. — (7-32- 
4-0), Pine Cay, North beach, sand, 1 m, kicknet, 12 Apr 
1989. — (10-78-7-3), Pine Cay, North beach, sand, epiben- 
thic sled, night, 12 Apr 1989. 


Distribution. Puerto Rico, Virgin Islands (W.M. 
Tattersall 1937); Lesser Antilles (Brattegard 1975); 
Cayman Islands (Price et al. 2002). 

Ecological remarks. Specimens were associated 
exclusively with sand substrata on or near the bottom dur- 
ing the day and in the water column at night. 

Systematic Remarks. None. 


151 


Price and Heard 


Sub-family MYSINAE 
Tribe Erythropini 
Amathimysis serrata Murano, 1986 
(Eigures 4 C, D) 

Amathimysis serrata. — Murano 1986:141, Figures 

5-6. 

Material, (males-0, ovigerous females-0, immature 
females- l,juveniles-0), Pine Cay, seagrass, 2 m, epibenth- 
ic sled, night, 8 Nov 1988. — (l-O-O-O), Rack Cay, sponge 
washings, 1 m, 31 Oct 1988. — (0-2-0-0), Mud Shrimp 
Cay, sand, 1 m, kicknet, 8 Apr 1988. — (1-1-3-0), Mud 
Shrimp Cay, algal washings, 0. 5-1.0 m, 14 Apr 1988. — (1- 
0-0-0), Pine Cay, seagrass, epibenthic sled, night, 7 Apr 
1989. 

Type Locality. St. Croix, US Virgin Islands 

Distribution. St. Croix, US Virgin Islands (Murano 
1986); Turks and Caicos Islands (present study). 

Ecological remarks. This species was collected from 
a variety of habitats including seagrass, sand, and 
sponge/algal washings. Murano (1986) reported speci- 
mens taken by divers outside a barrier reef in Tague Bay, 
US Virgin Islands in depths of 8-10 m. 

Ovigerous females were 2. 7-2. 9 mm in length. 

Systematic remarks. Specimens from this second 
record of Amathimysis serrata agree with Murano’s (1986) 
original description but appear to exhibit sexual dimor- 
phism in reference to the median dorsal keel anterior to the 
cervical sulcus of the carapace. The 3 males examined 
have higher, more pronounced keels than females. Males 
and females of Amathimysis cherados Brattegard, 1974 
from Grand Cayman Island showed similar sexual dimor- 
phism (Price et al. 2002). The carapace median keel of A. 
serrata may superficially resemble that of A. cherados and 
A. gibba Brattegard, 1969, but these latter species have 
much larger keeled humps than the former. 

Amathimysis torleivi Ortiz, Lalana and Sanchez-Diaz, 
2000 

(Eigures 4 A, B) 

Amathimysis torleivi. — Ortiz, Lalana and Sanchez- 
Diaz 2000:55, Figures 1-4. 

Material. TURKS AND CAICOS ISLANDS. 
Shallow inner reef northwest of Pine Cay, on gorgonians, 
(males- 19, ovigerous females-8, immature females-7, 
juveniles-0), 9 m, 12 Apr 1989.— (5-0-0-0), 9-11 m, 12 
Apr 1989.— (11-2-1-0), Pine Cay, 8-9 m, 10 Feb 1990.— 
(4-0-2-0), Pine Cay, 9-11 m, hand net, 9 Feb 1990. — (2-3- 
0-1), Pine Cay, 18 Nov 1989.— (2-0-0-0), Pine Cay, 
6.5-8.0 m, 18 Feb 1990.— (1- 1-0-0), 5 m, 30 June 1990. 


TOBAGO. Goat Island, on gorgonians, (9-20-2-1), 4 m, 14 
Jan 1993.— BRITISH VIRGIN ISLANDS, GUANA 
ISLAND, White Bay, off Iguana Head, on 
Pseudopterogorgia americana, (2-0-0-0), 4.5 m, July 
1992. 

Type Locality. Ciudad de La Habana, Cuba. 

Distribution. Cuba (Ortiz et al. 2000); Turks and 
Caicos Islands, Guana Island, British Virgin Islands, 
Tobago (present study). 

Ecological remarks. Amathimysis torleivi as well as 
an undescribed species, Amathimysis sp A, were collected 
on the slimy sea plume Pseudopterogorgia americana and 
other gorgonians (Figure 3). Both species were never taken 
on the same host and each occurred in a different bathy- 
metric zone of the reef habitat. While A. torleivi was found 
on shallow inner reefs (11 m), A. sp. A was collected on 
outer fringing reefs, generally in depths of 20 m or more. 
In addition, A. torleivi was collected from gorgonians in 
shallow waters surrounding Tobago and Guana Island, 
British Virgin Islands. 

Ortiz et al. (2000) reported Amathimysis torleivi from 
the sponge Callyspongia vaginalis (Lamarck, 1814) at a 
depth of 8 m along the north coast of the province of 
Ciudad de La Habana, Cuba. Sponge washings from the 
Turks and Caicos yielded only species of Heteromysis; A. 
torleivi and A. sp A were collected only in association with 
gorgonians. It appears that at least A. torleivi is somewhat 
of a generalist in its association with sessile invertebrate 
hosts. 

Members of the genus Amathimysis are not generally 
known to live in association with gorgonians or other 
invertebrates, although A. gibba was taken from a scaly 
soft coral on the Florida Middle Ground (Modlin 1984) 
and A. polita Brattegard, 1974 was collected at the base of 
hard and soft corals and from a sponge in Belize (Modlin 
1987a). 

Ovigerous females of Amathimysis torleivi ranged 
from 2. 1-3.3 mm in length and carried 3-4 larvae per 
brood. Embryonic phase diameter 0.34-0.36 mm. 

Systematic remarks. Amathimysis torleivi can be 
easily distinguished from its congeners by the absence of a 
distolateral tooth on the antennal scale (Figure 3 B). In 
addition, the inner pair of apical telson spiniform setae is 
relatively short (0.25 or less telson length) and blunt 
(Figure 4A), characteristics shared only with Amathimysis 
sp. A (Figure 4 E). All other members of this genus have a 
longer (0. 3-0.5 telson length), acute inner pair of spini- 
form setae on the apex of the telson. 

Specimens of Amathimysis torleivi from the Turks and 
Caicos, Guana Island, and Tobago differ slightly in a num- 
ber of morphological characteristics when compared to the 
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Figure 5. Photograph of Amathimysis sp. A on the gorgonian 
Pseudopterogorgia americana. 

description of Ortiz et al. (2000). The width/length ratio of 
the base of the telson varies from 0.8-1. 1 as compared to 
1.0; the inner pair of spine-setae on the telson apex is 4.0- 
5.5 rather than 3-4 times as long as the outer pair. Ortiz et 
al. (2000) illustrate a faint distal suture on the antennal 
scale; a suture was present on a minority of specimens 
from the Turks and Caicos material. Ortiz et al. (2000) 
report a sub-distal setose “prominencia” on article 2 of the 
mandibular palp, but no such structure is found on our 
specimens. In the original description, the dactylus of tho- 
racic endopod 2 is described and illustrated as truncate dis- 
tally; our material has a dactylus that terminates in a slight- 
ly curved claw, similar to all other known species of 
Amathimysis. Male pleopod 1 of our material has 1 termi- 
nal seta on the endopod and 5 plumose setae on the 
pseudobranchial lobe, rather than 1 medial seta and 2 
setae, respectively. Our specimens have 7-articulated 
endopods and exopods on male pleopods 2-5, with coarse 
plumation on the distal ends of subterminal and terminal 
setae of the endopod of pleopod 5. Ortiz et al. (2000) report 


6-articulated endopods and exopods for pleopods 2-5 with 
the exception of 7 articles for the exopod of pleopod 3. No 
mention is made of coarse plumation of pleopod 5. 

Amathimysis sp. A 
(Figures 4E; 5) 

Material. Deep fringing reef northwest of Pine Cay, 
on gorgonians, (males-4, ovigerous females-5, immature 
females-5, juveniles-3), 19 m, 26 June 1990. — (1-7-0-0), 
18 m, 29 June, 1990.— (4-11-1-0), 21 m, 29 June 1990.— 
(5-5-1-0), 23 m, 29 June 1990.— (8-10-1 1-0), 25-32 m, 10 
Feb 1990. 

Ecological remarks. See remarks for Amathimysis 
torleivi. 

Systematic remarks. Amathimysis sp. A is morpho- 
logically similar to Amathimysis torleivi but has a distolat- 
eral tooth on the antennal scale. 

Amathimysis sp B 
(Figure 4F, G) 

Material, (males-0, ovigerous females-0, immature 
females- 1, juveniles- 1), Pine Cay, 0. 5-2.0 km N of 
Meridian Club, seagrass, algae, 9 m, epibenthic sled, 14 
Apr 1989. 

Ecological remarks. None. 

Systematic remarks. The 2 damaged specimens dif- 
fer from all known species of Amathimysis in the dorsal 
ornamentation of the carapace anterior to the cervical sul- 
cus. They have a median keel flanked by a tubercle on 
either side (Figure 4 G). The specimens most closely 
resemble A. trigibba Murano and Chess, 1987, known from 
coastal waters of California. Amathimysis trigibba has a 
median and 2 lateral tubercles on the carapace. Description 
awaits the availability of more specimens for study. 

Tribe Leptomysini 

Dioptromysis paucispinosa Brattegard, 1969 
(Figure 3 C) 

Material, (males-6, ovigerous females-2, immature 
females-3, juveniles-0). Twin Cay, sand, 1 m, epibenthic 
sled, night, 1 Nov 1988. — (l-O-O-O), Rock-a-Wash Cay, 
sand, 1 m, kicknet, 11 Apr 1988. — (l-l-O-O), Mud Shrimp 
Cay, sand 1 m, kicknet, 8 Apr 1988. — (O-l-O-O), Pine Cay, 
2 km N of Meridian Club, seagrass/algae, 9 m, epibenthic 
sled, 14 Apr 1989. 

Distribution. Bahamas (Brattegard 1969); Belize 
(Modlin 1987a); Grand Cayman Island (Price et al. 2002). 
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Ecological remarks. This rare species was collected 
from sand or seagras s/algae habitats with kicknets and 
epibenthic sleds. 

Systematic remarks. This species is more widely dis- 
tributed throughout the Caribbean than its only western 
Atlantic congener, Dioptromysis spinosa Brattegard, 1969, 
which has been collected in the Bahamas and Florida Keys 
(Brattegard 1969). The 2 species are similar morphologi- 
cally but may be distinguished most readily by differences 
in numbers of spiniform setae on the uropodal endopod 
(2-6 for D. paucispinosa; 13-20 for D. spinosa). 

Mysidopsis bispinulata Brattegard, 1974 
(Figure 3 H) 

Material, (males-0, ovigerous females-2, immature 
females- 1, juveniles-0). Pine Cay, seagrass beds, 2 m, 
epibenthic sled, night, 8 Nov 1988. — (29-17-12-0), Pine 
Cay, North beach, sand, 3-4 m, epibenthic sled, night, 9 
Nov 1988. — (5-2-3-11), Pine Cay, North beach, sand, 
10-15 m, epibenthic sled, 14 Apr 1989. — (8-24-3-8), Pine 
Cay, North beach, sand, epibenthic sled, night, 12 Apr 
1989. 

Distribution. Caribbean coasts of Colombia 
(Brattegard 1973, 1974a) and Panama (Brattegard 1974b); 
Grand Cayman Island (Price et al. 2002); Turks and Caicos 
Islands (present study). 

Ecological remarks. Mysidopsis bispinulata is 
reported for the first time from the Bahamas and its range 
is extended into the northern Caribbean Sea. This species 
was taken in fairly large numbers from sand and seagrass 
habitats. 

Systematic remarks. None. 

Mysidopsis brattstroemi Brattegard, 1969 
(Figure 3 F) 

Material, (males- 1, ovigerous females- 1, immature 
females-0, juveniles-0). Pine Cay, seagrass beds, 1-3 m, 
epibenthic sled, night, 30 Oct 1988. — (3- 1-2-0) Pine Cay, 
North beach, sand, 3-4 m, epibenthic sled, night, 9 Nov 
1988. 

Distribution. Bahama Islands and southern Florida 
(Brattegard 1969); Caribbean coast of Panama (Brattegard 
1974b); Little Cayman Island (Price et al. 2002). 

Ecological remarks. This species was collected in 
small numbers from sand and seagrass habitats. 

Systematic remarks. None. 


Mysidopsis mathewsoni Brattegard, 1969 
(Figure 3 G) 

Material, (males-0, ovigerous females-0, immature 
females- 1, juveniles-0). Pine Cay, seagrass beds, 2 m, 
epibenthic sled, night, 8 Nov 1988. — (0-1- 1-0), Pine Cay, 
shallow inner reef, sand, rubble, 4-5 m, yabby pump, 10 
Nov 1989. 

Distribution. Bahamas Islands (Brattegard 1969); 
Grand Cayman Island (Price et al. 2002). 

Ecological remarks. This rare species is reported for 
only the third time. It was taken over sand bottoms and 
seagrass beds. 

Systematic remarks. None. 

Tribe Mysini 

Mysidium columbiae (Zimmer, 1915) 

(Figure 3 I) 

Material, (males- 12, ovigerous females- 16, immature 
females-9, juveniles-4). Pine Cay, deep fringing reef, 30 
m, 4 Nov 1988. — (1-0-8-5), Pine Cay shallow inner reef, 
sand, 4 m, 3 Nov 1988. — (58-57-10-0), Pine Cay, shallow 
inner reef, 2-3 m, kicknet, 5 Nov 1988. — (2-2-15-1), Pine 
Cay, North beach, sand/seagrass, 15-20 m, epibenthic 
sled, night, 14 Apr 1989. — (0- 1-0-0), Rock-a-Wash Cay, 
Neogoniolithon washings, 1 m, 16 Apr 1988. 

Distribution. Coastal areas throughout the Caribbean 
Sea and southern Gulf of Mexico (Zimmer 1915, W.M. 
Tattersall 1951, Steven 1961, Goodbody 1965, Emery 
1968, Brattegard 1969, 1970b, 1973, 1974a, b, 1975, 
Bacescu and Ortiz 1984, Murano 1986, Modlin 1987a, 
Markham et al. 1990, Price et al. 2002). 

Ecological remarks. Most specimens were collected 
near shallow and deep coral reefs as well as seagrass/sand 
habitats. 

Systematic remarks. Mysidium columbiae from the 
Turks and Caicos show greater morphological variation 
than previously reported for the 3-articulated exopod of 
male pleopod 4. The ratio of the length of article 1 to arti- 
cles 2 and 3 combined is greater than 2.0 for both our 
material (2. 1-2.9) and Brattegard’s specimens from the 
Bahamas and south Florida (Brattegard 1969). Zimmer 
(1915) and Price et al. (2002) recorded ratios that are gen- 
erally less than 2.0 for specimens from Colombia and the 
Cayman Islands, respectively. 
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Mysidium gracile (Dana, 1852) 

(Figure 3 K) 

Material, (males-26, ovigerous females-31, immature 
females-9, juveniles-0), Pine Cay, shallow inner reef, 3 m, 
18 Apr 1988. 

Distribution. Bermuda (lander 1962), Florida Keys 
(Randall et al. 1964, Emery 1968, Brattegard 1969, 
1970b), coastal areas throughout the Caribbean Sea (W.M. 
Tattersall 1951, Randall et al. 1964, Berrill 1968, Emery 
1968, Brattegard 1974b, 1975, Price et al. 2002), coast of 
Brazil (Dana 1852, Zimmer 1918, Costa 1964). 

Ecological remarks. Although Mysidium gracile has 
been reported throughout the Caribbean Sea, this collec- 
tion is the first from the Bahamian archipelago. 

Systematic remarks. Investigators have noted varia- 
tion in the morphology of the antennal scale, telson, and 
male pleopod 4 for Mysidium gracile from the western 
Atlantic. The length- width ratio of the antennal scale for 
our material as well as Brattegard’s (1969) specimens from 
south Elorida ranges from 4-5. This is similar to Zimmer’s 
(1918) description (~ 4) but contrasts with a ratio of 5-6 
for specimens from the Cayman Islands (Price et al. 2002). 
Only pointed spiniform setae on the telson are reported by 
Price et al. 2002 and illustrated by Zimmer (text: Eigure 
44); however, M. gracile from the present study and from 
south Elorida (Brattegard 1969) exhibit pointed spiniform 
setae on the lateral margins that grade into blunt spiniform 
setae apically. The specimens in our study have unequal 
distal articles (2 > 3 > 4) for the exopod of male pleopod 4. 
This agrees with Zimmer (1918) and Price et al. 2002, but 
Brattegard found articles 2-4 to be subequal. 

Mysidium integrum W.M. Tattersall, 1951 
(Figure 3 J) 

Material, (males-5, ovigerous females- 16, immature 
females-8, juveniles-0). Pine Cay, deep fringing reef, 30 
m, 4 Nov 1988. — (4-8-1-2), Pine Cay, deep fringing reef, 
17 m, 9 Eeb 1989. — (5-9- 1-0), Pine Cay, shallow inner 
reef, sand, 4 m, 3 Nov 1988. — (3-4-2-6), Pine Cay, shallow 
inner reef, 2-3 m, kicknet, 5 Nov 1988. — (1- 1-7-0), Pine 
Cay, North beach, sand-seagrass, 15-20 m, epibenthic 
sled, 14 Apr 1989.— (42-58-2-0), Et. George Cay, sand, 1 
m, 5 Eeb 1989. 

Distribution. Coastal areas throughout the Caribbean 
Sea (W.M. Tattersall 1951, Brattegard 1969, 1970b, 1973, 
1974a, b, 1975, Modlin 1987a, Price et al. 2002), Bermuda 
(Brattegard 1973), southern Elorida (Emery 1968, 
Brattegard 1969), Gulf of Mexico (W.M. Tattersall 1951, 
Modlin 1984). 


Ecological remarks. This species was often taken 
with M. columbiae in coral reef and seagrass/sand habitats. 

Systematic remarks. Our specimens differ in some 
respects from the descriptions of W.M. Tattersall (1951) 
and Brattegard (1969, 1970b), but the morphological vari- 
ations are similar to those found for specimens from the 
Cayman Islands (Price et al. 2002). 

Some confusion exists concerning the articulation of 
the exopod of male pleopod 4 of Mysidium integrum. In 
the original description, Tattersall (1951) states that the 
exopod is 4-articulated and that article 1 is equal in length 
to the distal 3 articles combined. No mention is made of 
the relative lengths of articles 2 and 3. However, his Figure 
96E shows only 3 articles, with article 1 longer than the 
distal 2 articles combined, and article 2 shorter than article 
3. Subsequent examination of specimens from southern 
Florida, Bahamas, Antigua, Cayman Islands, and the pres- 
ent study show male pleopod 4 to be 4-articulated with 
article 1 longer than the distal articles combined, and arti- 
cle 2 > 3 > 4. A lot of more than 100 specimens of M. inte- 
grum collected at the same location, Cruz Bay, St. John, 
Virgin Islands, and the same time as the type lot was exam- 
ined. Male pleopod 4 of mature males in the sample 
exhibits a 4-articulate exopod in which article 1 is 1.2-1. 5 
times longer than articles 2-4 combined. In addition, arti- 
cles 2-4 decrease in length. It appears that Brattegard’s 
illustration of male pleopod 4 (Figure 26D, 1969) is cor- 
rect, but Tattersall’s Figure 96E lacks an article 4 and has 
the lengths of articles 2 and 3 reversed. Tattersall’s descrip- 
tion is correct with the exception of the statement about the 
length of article 1 of male pleopod 4. 

Parvimysis bahamensis Brattegard, 1969 
(Figures 4 M-0) 

Material, (males-5, ovigerous females-0, immature 
females- 1, juveniles-0). Pine Cay, deep fringing reef, sand, 
30 m, 2 Nov 1988. — (1-2-0-0), Pine Cay, deep fringing 
reef, sand/silt, 34-38 m, 4 Nov 1988. — (O-l-O-O), Pine 
Cay, seagrass beds, 2 m, epibenthic sled, night, 8 Nov 
1988. — (23-27-19-0), Twin Cay, sand, 1 m, epibenthic 
sled, 1 Nov 1988. — (2-5-0-0), algal washings, 1 m, 14 Apr 
1988. 

Distribution. Coastal waters throughout the 
Caribbean Sea (Brattegard 1969, 1970b, 1973, 1974a, b, 
1975, Modlin 1987a, Ortiz and Ealana 1993, Price et al. 
2002, Florida Keys (Brattegard 1973). 

Ecological remarks. The largest collection of this 
species was made in a shallow water sand habitat, but 
small numbers were taken near deep fringing reefs and in 
algal washings. 
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Systematic remarks. Morphological variation of this 
species is similar to that found for material from the 
Cayman Islands (Price et al. 2002). 

Tribe Heteromysini 

Heteromysis (Olivemysis) bermudensis G.O. Sars, 1885 
(Figure 4 L) 

Material, (males-2, ovigerous females-2, immature 
females-3, juveniles- 1), Rack Cay, sponge washings, 1 m, 
12 Apr 1988. — (14-8-6-3) South Satellite Cay, 1-2 m, 11 
Nov 1988. — (0-2- 1-0), Twin Cay, algal washings, 1 m, 1 
Nov 1988. — (1-2-0- 1), Rock-a-Wash Cay, Neogonio- 
lithon-sgtongQ washings, 1 m, 30 Oct 1988. — (0- 1-0-1), 
Mud Shrimp Cay, sponge washings, 17 Apr 1988. — (0-0- 
2-0), Ft. George Cay, Neogoniolithon washings, 1 m, 18 
Apr 1988. 

Distribution. Bermuda (G.O. Sars 1885, Verrill 1923, 
Clarke 1955, Bowman 1981, Bacescu and Iliffe 1986), 
Turks and Caicos Islands (present study), Cuba (Bacescu 
1968), Grand Cayman (Price et al. 2002), Belize (Modlin 
1987a), Caribbean coast of Colombia (Brattegard 1973), 
Saba Bank, Lesser Antilles (Brattegard 1980). 

Ecological remarks. Species of Heteromysis collect- 
ed in the Turks and Caicos were associated with a variety 
of algae and sessile invertebrates. Unfortunately, in most 
cases, collecting methods involved sampling multiple host 
groups simultaneously, and it was impossible to determine 
if a heteromysid was associated with a specific host. 
Heteromysis bermudensis was extracted from washings of 
sponges, algae, and Neogonolithion. 

Systematic remarks. As discussed by Price et al. 
2002, this species is represented by 2 nominal subspecies: 
Heteromysis b. bermudensis G.O. Sars, 1885 and 
Heteromysis b. cesari Bacescu, 1968. Our material from 
the Turks and Caicos appears closest to H. b. bermudensis 
sensu Bowman (1981) with respect to eye and male pleo- 
pod characters. The details of earlier descriptions of this 
species agree with our material with minor exceptions. We 
found a short distal article on the antennal scale of all spec- 
imens examined. This article is noted by G.O. Sars (1885) 
and Bowman (1981) but not by Bacescu (1968) and 
Brattegard (1973). The distal margin of male pleopod 4 is 
armed with 27-47 flagellated spiniform setae; to date, this 
represents the greatest variation in this character reported 
from one geographical location. 


Heteromysis (Olivemysis) coralina Modlin, 1987 
(Figure 4J) 

Material, (males-0, ovigerous females-0, immature 
females- 1, juveniles-0). Rack Cay, sponge washings, 1 m, 
12 Apr 1988. — (8-3-5-4), Rack Cay, sponge washings, 1 
m, 31 Oct 1988. — (3-2- 1-1), males. Rack Cay, sponge 
washings, 1 m, 13 Apr 1988. — (24-6-4-0), South Satellite 
Cay, 1-2 m, 11 Nov 1988. — (11-10-3-10), Twin Cay, algal 
washings, 1 m, 1 Nov 1988. — (3-4-5-3), Crab Hole Cay, 
algal-coral washings, 1 m, 5 Nov 1988. — (9-9-7-2), Crab 
Hole Cay, algal-coral washings, 1 m, 2 Nov 1988. 

Distribution. Florida Keys (Modlin 1987c); Cayman 
Islands (Price et al. 2002); Turks and Caicos Islands (pres- 
ent study). 

Ecological remarks. This species was collected from 
sponge, algal, and algal/coral washings. Ovigerous 
females were 3. 6-4. 9 mm in length and carried 3-4 larvae 
per brood. Diameter of embryonic phase 0.36-0.42 mm; 
longest postnauplioid larva 1 . 1 mm. 

Systematic remarks. This third report of Heteromysis 
coralina extends its range eastward to the Bahamian archi- 
pelago. The morphology of our material agrees with 
Modlin (1987c) and Price et al. (2002) with one minor 
exception. The lateral margins of the telson are armed with 
9-13 spiniform setae (including apical setae), rather than 
7-10. 

Heteromysis (Olivemysis) guitarti Bacescu, 1968 
(Figure 4K) 

Heteromysis guitarti. — Bacescu 1968:226, Figure 
3. — Brattegard 1970:134, Figure 9. — Brattegard 
1975:113.— Modlin 1984:283.— Bacescu and Iliffe 
1986:102, Figure 1 K-R— Modlin 1987b:301. 

Material, (males- 13, ovigerous females-5, immature 
females-6, juveniles-3), Rock-a-Wash Cay, sponge wash- 
ings, 1 m 31 Oct 1988. — (9-5-4-0), Rack Cay, sponge 
washings, 1 m, 31 Oct 1988. — (1-0-2-0), Rack Cay, 
sponge washings, 1 m, 12 Apr 1988. — (10-7-9-5), Rock-a- 
Wash Cay, sponge washings, 13 Apr 1989. 

Type Locality. Havana, Cuba. 

Distribution. Cuba (Bacescu 1968), Bahama Islands 
(Brattegard 1970b, Modlin 1987b), Margarita, Lesser 
Antilles (Brattegard 1975), eastern Gulf of Mexico 
(Modlin 1984), Bermuda (Bacescu and Illife 1986). 

Ecological remarks. All collections of Heteromysis 
guitarti are from sponges, strengthening the suggestion of 
Modlin (1984) that this species has a close commensal 
relationship with sponges, specifically the genus Ircinia. In 
all but one previous report (Brattegard 1975), H. guitarti 
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has been taken with sponges (Bacescu 1968; Brattegard 
1970b; Modlin 1984, 1987b; Bacescu and Illife 1986). 

Lengths of ovigerous females were 3.5-4. 1 mm. 

Systematic remarks. In most respects, our material 
agrees with previous descriptions (Bacescu, 1968, 
Brattegard, 1970b, Bacescu and Illife 1986), but exhibits 
more variation. For the Turks and Caicos specimens, the 
lateral margins of the telson have 9-14 spiniform setae 
(including apical setae) rather than 11-14; the telsonal cleft 
is lined with 13-20 spinules rather than 16-27; the carpo- 
propodus of thoracic endopod 3 is armed with 7-10 flagel- 
lated spiniform setae, rather than 7; and the distal margins 
of male pleopods 3 and 4 have 5-10 and 9-17 flagellated 
spiniform setae, respectively, rather than 2-5 and 8-13. 

Heteromysis (Olivemysis) may ana Brattegard, 1970 
(Figure 4 H) 

Material, (males-0, ovigerous females-0, immature 
females-0, juveniles- 1), Rack Cay, sponge washings, 1 m, 
12 Apr 1988.— (l-l-O-O), Rock-a-Wash Cay, 
Neogoniolithon-ST^ongQ washings, 1 m 30 Oct 1988. 

Distribution. Quintana Roo, Mexico (Brattegard 
1970b, Markham et al. 1990), Belize (Modlin 1987a), 
Caribbean coast of Colombia (Brattegard 1973, 1974a), 
tentatively from the Virgin Islands (Brattegard 1975), 
Grand Cayman Island (Price et al. 2002), Turks and Caicos 
Islands (present study). 

Ecological remarks. Only 3 specimens were collect- 
ed from sponge and Neogonolithionlsponge washings. 

Systematic remarks. Minor morphological differ- 
ences exist between our Turks and Caicos specimens and 
the original description (Brattegard 1970b) and Cayman 
material (Price et al. 2002). The lateral telson margin is 
armed with 7-9 spiniform setae, rather than 6-8 reported 
by Brattegard. There appears to be considerable variability 
in the length ratio of the outer and inner spiniform setae on 
the apical lobes of the telson. Brattegard’s illustration 
(Figure 13E) shows an outer: inner ratio of 3:1, whereas 
Price et al. report a ratio of <2:1. For our material, the 
ratio is 2.3:1. 

Heteromysis sp. A 
(Figure 4 I) 

Material, (males-3, ovigerous females-2, immature 
females-0, juveniles-0). Pine Cay, fringing reef, hard 
sponge, 24-27 m, 17 Nov 1989. — (2-0-0- 1), Pine Cay, 
fringing reef, large yellow tube sponge, 21 m, 13 Nov 
1989. — (1 -2-0-0), Pine Cay, fringing reef, sponge, 24-27 
m, 17 Nov 1989. 


Ecological remarks. Specimens were associated with 
sponges from fringing reefs at depths of 21-27 m. 

Systematic remarks. This undescribed species of 
Heteromysis appears to be spongicolous and is most close- 
ly related to H. gomezi Bacescu 1970 and H. may ana. It 
differs from these species in the form of the telson and the 
setation of thoracic endopod 3, male pleopods 3 and 4 and 
telson. Our specimens have a telsonal cleft 1/6 the length 
of the telson, 8-9 flagellated spiniform setae on the carpo- 
propodus of thoracic endopod 3, male pleopods 3 and 4 
without modified spiniform setae, and the telsonal outer 
apical spiniform seta 1.6 times the length of the inner seta. 

Discussion 

Three of the mysid species reported in this study, 
Amathimysis spp. A, B, and Heteromysis sp. A, are current- 
ly known only from the Turks and Caicos Islands, and 
another 5, A. serrata, A. torleivi, H. coralina, Mysidopsis 
mathewsoni, and Siriella chessi are recorded for only the 
second or third times. The other 13 species have, at least, 
fairly widespread distributions in the tropical western 
North Atlantic; however, this is the first report for 5 of 
these species, Bowmaniella johnsoni, Heteromysis bermu- 
densis, H. mayana, Mysidium gracile, and Mysidopsis 
bispinulata from the Bahamian archipelago. 
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ABSTRACT Eight species of the amphipod family Caprellidae sensu Myers and Lowry, 2003 are cur- 
rently known to occur in the shallow, near shore waters of the northern Gulf of Mexico (GOM), from 
the Suwannee River, Florida, to Port Aransas, Texas, and to depths of 10 m. They include: Phtisica mari- 
na, Hemiaegina minuta, Paracaprella pusilla, Paracaprella tenuis, Deutella incerta, Caprella equilibra, 
Caprella penantis, and Caprella scaura. Another species, Caprella andreae, is also suspected to occur 
in this region due to its close association with sea turtles, which nest on the sand beaches of the northern 
GOM. The occurrence of these 9 species in the northern GOM is discussed; known distributions, new 
records, synonymies, diagnoses, and remarks on life history and ecology are also presented. In addition, 
new northern GOM records for 7 of these species are provided along with a simplified identification key. 


Introduction 

There are published records for 8 species of caprellid 
amphipods from the shallow, coastal waters of the northern 
Gulf of Mexico (see Pearse 1908, 1912; Hedgpeth 1950, 
1953; Menzel 1956; Steinberg and Dougherty 1957; 
Pequegnat 1966; McCain 1968; Foster et al. 2004). This 
report presents additional records and an updated key to 
the shallow water amphipods of the family Caprellidae 
sensu Myers and Lowry, 2003, currently known from the 
northern Gulf of Mexico (GOM) limited by the Suwannee 
River (Florida) in the east, by Port Aransas (Texas) in the 
west, and by a depth of 10 m. 

Steinberg and Dougherty (1957) reviewed the early 
literature for the caprellid amphipods known from the Gulf 
of Mexico. In 1968, McCain provided a comprehensive 
taxonomic study of the northwestern Atlantic caprellids. 
Laubitz (1993) revised the suborder Caprellidea sensu 
Leach, 1814, to accommodate 3 additional families: the 
Phtisicidae Vassilenko, 1968, Caprellinoididae Laubitz, 
1993, and Pariambidae Laubitz, 1993. The higher taxono- 
my of the Caprellidea was also reviewed, and 8 families 
within the suborder were recognized: Paracercopidae 
Vassilenko, 1972, Phtisicidae; Caprellinoididae; Cyamidae 
White, 1847, Caprogam-maridae Kudrjaschov and 
Vassilenko, 1966, Caprellidae Leach, 1814, Pariambidae; 
and Protellidae McCain, 1970. Myers and Lowry (2003) 
reviewed the classification of the Corophiidea Leach, 
1814, and placed the infraorder Caprellida within the sub- 
order Corophiidea. In addition, they expanded the super- 
family Caprelloidea to include Caprellidae, Caprogam- 


maridae, Cyamidae, Dulichiidae Dana, 1849, and 
Podoceridae Leach, 1814. This study focuses on the fami- 
ly Caprellidae sensu Myers and Lowry, 2003. Only the 
subfamilies Caprellinae and Phtisicinae are represented in 
the shallow, near shore waters of the northern GOM. 

An artificial key to the caprellid amphipods known 
from the northern GOM is provided along with an annotat- 
ed listing of the species with a brief synopsis of distribu- 
tion data, diagnoses, synonymies, new records, and eco- 
logical information. Synonymies given are since McCain’s 
1968 monograph. Table 1 presents a systematic list of the 
9 species known or suspected to occur in the shallow, near 
shore waters of the northern GOM. Figure 1 provides a 
generalized caprellid body plan for use with the key. 

Artificial key to the eamily Caprellidae 
(Crustacea: Amphipoda) known erom the 

COASTAL WATERS OE THE NORTHERN GULE OE 

Mexico 

1. Pereopods 3 and 4 well-developed, attenuated, with 6 

articles (Figure 2a,e) Phtisca marina 

Pereopods 3 and 4 absent, reduced, or vestigial, when 
present having no more than 2 articles (Figures 3a,c; 
4a,e,h; 5a,d; 6a,g; 7a,d; 8a,d; 9a,d; 10a,d) 2 

2. Pereonites hexagonal in dorsal view; pereopods 3 and 4 

minute, composed of 1 article (Figure 3a,c) 

Hemiaegina minuta 

Pereonites not hexagonal in dorsal view; pereopods 3 
and 4 absent or minute, consisting of 2 articles (Figures 
4a,e,h; 5a,d; 6a,g; 7a,d; 8a,d; 9a,d; 10a,d) 3 
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3. Antenna 2 with sparse, short, setae ventrally; pere- 

opods 3 and 4 minute, composed of 2 articles (Figures 
4a,e,h; 5a,d; 6a,g) 4 

Antenna 2 with dense row of long setae ventrally; 
pereopods 3 and 4 absent (Figures 7a,d; 8a,d; 9a,d; 

\02iA){Caprella) 6 

4. Pereopod 5 inserted near middle of pereonite 5 (Figure 

4a,e,h); dorsal pair of spines present on cephalon (head) 
and second thoracic somite (Figure 4a,e) 

Deutella incerta 

Pereopod 5 inserted in posterior 1/4 of pereonite 5; 
cephalon and second thoracic somite without dorsal spines 

(Figures 5a,d; 6a,g) 5 

5. Basis of male gnathopod 2 with proximal knob on pos- 
terior margin (Figure 5a), that of female relatively short 
(Figure 5d); mandibular palp vestigial, represented by sin- 
gle seta (Figure 5e); anterolateral margin of pereonite 2 
with large triangular projection in males, similar in 

females, projection smaller (Figure 5a,d) 

Paracaprella pusilla 

Basis of male gnathopod 2 lacking proximal knob on 
posterior margin (Figure 6a), that of female relatively long 
(Figure 6g); mandibular palp minute, composed of 2 small 
segments (Figure 6e,f); anterolateral margin of pereonite 2 
with small triangular projection in males (Figure 6a), 
absent in females (Figure 6g) Paracaprella tenuis 

6. Cephalon lacking anterodorsally directed spine or 

process; ventral spine between insertions of gnathopod 2 in 
both sexes (Figure 7a,d) Caprella equilibra 

Cephalon with anterodorsally directed process or pro- 
jection, blunt or sharp; no ventral spine between insertions 
of gnathopod 2 (Figures 8a,d; 9a,d; 10a,d) 7 

7. Cephalon with sharp, acutely tipped, anterodorsally 

directed spine (Figure 8a,d); body of adult male attenuat- 
ed; male with gnathopod 2 inserted in posterior 1/5 of 
pereonite 2 (Figure 8a) Caprella scaura 

Cephalon with blunt anterodorsally directed process; 
body of males, like females, compressed, not attenuated 
(Figures 9a,d; 10a,d).; male with gnathopod 2 inserted in 
middle of pereonite 2 (Figures 9a; 10a) 8 

8. Pereopods 5-7 with palm of propodus convex (Figure 

9c) Caprella andreae Pereopods 5-7 with palm of propo- 
dus concave (Figure lOe) Caprella penantis 

Pereopods 5-7 with palm of propodus concave (Figure 
lOe) Caprella penantis 


TABLE 1 

Taxonomic listing of the amphipods of the family 
Caprellidae presently known from the shallow coastal 
waters of the northern Gulf of Mexico. 

Order Amphipoda 
Suborder Corophiidea 
Infraorder Caprellida 
Family Caprellidae Leach, 1814 
Subfamily Caprellinae Leach, 1814 
Genus Caprella Lamarck, 1801 
Caprella equilibra Say, 1818 
Caprella scaura TQvcepiQion, 1836 
Caprella andreae Mayer, 1890 
Caprella penantis Leach, 1814 
Genus Deutella Mayer, 1890 [=Luconacia Mayer, 1903] 
Deutella (= Luconacia) incerta (Mayer, 1903) 

Genus Hemiaegina Mayer, 1903 
Hemiaegina minuta Mayer, 1890 
Genus Paracaprella Mayer, 1890 
Paracaprella pusilla Mayer, 1890 
Paracaprella tenuis Mayer, 1903 
Subfamily Phtisicinae Vassilenko, 1968 
Genus Phtisica Slabber, 1769 
Phtisica marina Slabber, 1769 


Phtisica marina Slabber, 1769 

(Figure 2a-g) 

Diagnosis. Mandible with 3 -segmented palp; carpus 
of gnathopod 2 shorter than merus, with greatest width 
proximally; abdomen of male with 2 parrs of biarticulate 
appendages and 1 pair of pyriform appendages, females 
with 2 parrs of biarticulate appendages and 1 parr of lobes; 
pereopods 3 and 4, 6-segmented; pereopod 5, 5-segment- 
ed; pereopod 6, 6-segmented. 

Synonymies. McCain 1968: 91-97, Figures 46-47; 
Pequegnat and Pequegnat 1968: 24, 33; Krapp-Schickel 
1969: 279, 346-347, 391, 413; McCain and Steinberg 
1970: 65; Gosner 1971: 508-510; Griffiths 1973: 304; 
Griffiths 1974a: 205; Griffiths 1974b: 258; Griffiths 
1974c: 333; Griffiths 1975: 177; Vassilenko 1974: 94-96, 
Figure 47; Arimoto 1980: 96-101, Figure 2; Vadon 1984: 
553; Laubitz 1995: 83; Camp et al.l998: 132; Serejo 1998: 
381; Ortiz et al. 2002: Figure 40; Guerra-Garcia and 
Takeuchi 2002: 705. 

Known distribution. Northeastern Atlantic; British 
Isles; Norway; Mediterranean Sea; Black Sea; West 
Africa; South Africa; Brazil; Gulf of Mexico; Caribbean. 
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Figure 1. Generalized caprellid body plan. (From McCain 1968: Figure 1). 


setal row 


Mandible 


Known Gulf of Mexico records. McCain (1968) 
reports this species along the east coast of the GOM from 
Tortugas northward to Panama City, Florida. 

New records. No new GOM records. 

Remarks. Habitat consists of various algae, hydroids, 
seagrasses, sponges, and bryozoans (ectoprocts). Wirtz 
(1998) also recorded P. marina as an associate of the 
holothurian Holothuria tubulosa in the Azores. McCain 
(1968) reported P. marina as a component of the plankton- 
ic community in the Western Atlantic Ocean. 

Specimens assignable to this species have been col- 
lected by Texas A&M University on the continental slope 
of the GOM at depths of 200-300 m (Foster, pers. obs.). 

Hemiaegina minuta Mayer, 1890 

(Figure 3a-f) 

Diagnosis. Peduncle of antenna 1 not inflated in 
males, flagellum of antenna 2 biarticulate, swimming setae 
absent; mandible without palp; outer lobe of maxilliped 
larger than inner lobe; pereonites with hexagonal shape in 
dorsal view; propodus of gnathopod 1 with large proximal 
knob covered with setae; pereopods 3 and 4 1 -segmented, 
pereopod 5 6- segmented; abdomen of male and female 
with a pair of biarticulate appendages. 

Synonymies. McCain 1968: 61-64, Figures 29-30; 
Utinomi 1969: 297-299, Figure 2; Arimoto 1970: 15; 
McCain and Steinberg 1970: 51; Gosner 1971: 508-510; 
Laubitz 1972: 59-60, Figure 15; Griffiths 1973: 303; 
Griffiths 1974c: 332; Griffiths 1975: 175; Arimoto 1976: 


58-60, 62, Figures 26-28; Arimoto and Kikuchi 1977: 
95-96, Figure 41; Gable and Lazo-Wasem 1987: 637; 
Aoki and Asakura 1995: 192; Takeuchi 1995: 196-197, 
Figures 21; Serejo 1997: 630-632; Camp et al. 1998: 132; 
Ortiz et al. 2002: Figure 32. 

Known distribution. Cosmopolitan (Japan, 
Indonesia, Australia, Hawaii, South Africa, Caribbean Sea) 
(McCain 1968). 

Known Gulf of Mexico records. Port Aransas, Texas; 
off Pensacola, Tortugas at Loggerhead Key, Florida 
(McCain 1968). 

New records. 2 adult males, 1 adult female, St. 
Joseph Bay, Florida, 29 May 2000, less than 1.0 m depth, 
Sargassum wash, coll. J.M. Foster, id. by J.M. Foster, 
GCRL 2065. 

Remarks. Monotypic genus. Remarkable due to the 
hexagonal outline of the pereonites. McCain (1968) 
reports this species taken in plankton samples associated 
with Sargassum. 

Deutella (= Luconacia) incerta (Mayer, 1903) 
(Figure 4a-j) 

Diagnosis. Cephalon and pereonite 2 having dorsal 
surface with anteriorly projecting spines; anterolateral 
margin of pereonite 2 with anterolateral spine or projec- 
tion; mandibular palp 3-segmented; propodus of gnatho- 
pod 1 triangular, grasping margins of dactylus and propo- 
dus serrate; gnathopod 2 having propodus with proximal 
grasping spine and well developed tooth at mid-margin 
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Figure 2. Phtisica marina Slabber, 1769, a-d, male, e-g, female; a, lateral view; b, maxilliped; c, gnathopod 2; d, gnathopod 1; 
e, lateral view; f, gnathopod 2; g, gnathopod l.(a-d, from McCain 1968: Figure 46; e-g, from McCain 1968: Figure 47). 


creating an excavate posterior margin; pereopod 5 inserted 
near midlength of pereonite 5, pereopod 5 six-segmented. 

Synonymies. McCain 1968: 68-72, Figures 33-35; 
Pequegnat and Pequegnat 1968: 24, 33-34, 66; McCain 
and Steinberg 1970: 53; Gosner 1971: 508-510; Laubitz 
1972: 61; Caine 1974: 81-96, Figures 4, 7, 10, 13, 16, 19, 
23, 24, 28, 29, 33, 34, 36; Lewis and Stoner, 1983: 298, 
301; Johnson 1986: 381, Figure 125; Sterrer 1986: 379, 
381; Gable and Lazo-Wasem 1987: 635-636, Figure 4; 
Camp et al.l998: 132; Ortiz et al. 2002: Figure 29; Guerra 
Garcia 2003a: 1062-1065, Figure 3. 

Known distribution. Atlantic coast of United States; 
Caribbean Sea; GOM. 


Known Gulf of Mexico records. Mobile Bay, 
Alabama; Port Isabel, Texas; Horn Island, Mississippi; and 
Cedar Key, Florida (McCain 1968). 

New records. 1 male, 1 female, St. Andrew Bay, 
Florida, City Marina, 5 February 2000, wash of Sargassum 
and Ectocarpus, coll. J.M. Foster, id. by J.M. Foster, 
GCRL 2070; 1 male, 1 female, St. Joseph Bay, Florida, 6 
January 2001, epifaunal on unidentified sponge, intertidal, 
coll. J.M. Foster, id. by J.M. Foster, GCRL 2071. 

Remarks. Widespread in western Atlantic, occurring 
on seagrass, hydroids, sponges, alcyonarians, and ascidi- 
ans. 
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Figure 3. Hemiaegina minuta Mayer, 1890, a-b, e, male, c-d, f, female; a, dorsal view; b, gnathopod 1; c, dorsal view; d, gnatho- 
pod 1; e, gnathopod 2; f, gnathopod 2. (a-b, e, from McCain 1968: Figure 29; c-d, f, from McCain 1968: Figure 30). 


Paracaprella pusilla Mayer, 1890 

(Figure 5a-f) 

Diagnosis. Males with large triangular projection on 
anteroventeral margin of pereonite 2; mandible without 
palp except for simple seta; basis of gnathopod 2 short and 
expanded with proximal knob on posterior margin, propo- 
dus with shallow rounded notch at midlength; pereopod 5 
inserted near posterior part of pereonite 5. 

Synonymies. McCain 1968: 82-86, Figures 32a-b, 
41-42; Griffiths 1974b: 257; Camp et al. 1998: 132; Serejo 
1998: 381; Guerra-Garcia and Thiel 2001: 880, Figure 8; 
Ortiz et al. 2002: Figure 37; Escobar-Briones and Winfield 
2003: 38. 

Known distribution. Cosmopolitan. (East and South 
Africa; Hawaii; Japan; China; South America; Western 
Atlantic; Caribbean Sea) (McCain 1968). 

Known Gulf of Mexico records. Sarasota Bay, St. 
Andrew Bay, Florida; Grand Isle, Louisiana; Port Isabel, 
Texas (McCain 1968). 

New records. Adult female, Alabama/Mississippi 
Rapid Assessment Team (AMRAT) Station # M-098, nav- 
igational buoy, Horn Island pass, Mississippi Sound, 


Mississippi, 30 August 2004, collected at 1.0 m depth, 
scraping, coll. P. Felts and D. Landi, id. by S.E. LeCroy, 
GCRL 2255; 2 adult females, 3 adult males, 4 juveniles, 
AMRAT Station # M-099, navigational buoy, Horn Island 
pass, Mississippi Sound, Mississippi, 30 August 2004, col- 
lected at 6.0 m depth, scraping, coll. P. Pelts and D. Landi, 
id. by S.E. LeCroy, GCRL 2256; 2 adult females, 1 adult 
male, 1 subadult male, AMRAT Station # M-103, naviga- 
tional buoy #38, Horn Island pass, Mississippi Sound, 
Mississippi, 30 August 2004, collected at 10.0 m depth, 
scraping, coll. D. Hataway and K. Berry, id. by S.E. 
LeCroy, GCRL 2257; 1 adult male, AMRAT Station # M- 
196, navigational buoy. Dog Keys pass, Mississippi Sound, 
Mississippi, 31 August 2004, collected at 9.5 m depth, 
scraping, coll. P. Pelts and D. Landi, id. by S.E. LeCroy, 
GCRL 2258. 

Remarks. Pound in mangrove habitats, seagrass, on 
hydroids and ascidians. Martin and Bortone (1997) recov- 
ered this species from artificial reefs at the mouth of 
Choctawhatchee Bay, Plorida. 
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Figure 4. Deutella {=Luconacia) incerta (Mayer, 1903), a-b, adult male, c-f, female, g-j juvenile male; a, lateral view; b, gnatho- 
pod 1; c, gnathopod 2; d, gnathopod 1; e, lateral view; f, left mandible; g, gnathopod 1; h, lateral view; i, gnathopod 2; j, max- 
illiped. (a-b, from McCain 1968: Figure 33; c-f, from McCain 1968: Figure 34; g-j, from McCain 1968: Figure 35). 


Paracaprella tenuis Mayer, 1903 

(Figure 6a-h) 

Diagnosis. Males with small triangular projection on 
anterolateral margin of pereonite 2; mandible with minute 
0-3 segmented palp, including terminal seta; basis of 
gnathopod not expanded and without a proximinal knob on 
posterior margin, palm of propodus with a large angular 
notch at midlength. 


Synonymies. McCain 1968: 86-89, Figures 43-44; 
Arimoto 1970: 14; Arimoto 1971c: 61-63, Figures 11-12; 
Gosner 1971: 508-510; Laubitz 1972: 67-68, Figure 18; 
Wass 1972: 151; Watling and Maurer 1972: 255-256, 258, 
259, 263; Caine 1974: 81-96, Figures 2, 3, 6, 9, 12, 15, 18, 
21, 22, 26, 27, 31, 35; Stoner, 1980: 542; Arimoto 1976: 
55-58, Figure 24-25; Caine 1986: 20; Rupert and Fox 
1988: 239, 403; Camp et al. 1998: 132; Guerra-Garcia 
2002: 225-227, Figures 9-12; Ortiz et al. 2002: Figure 38. 
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Figure 5. Paracaprella pusilla Mayer, 1890, a-c, male d-f, female; a, lateral view; b, gnathopod 1; c, gnathopod 2; d, lateral view; 
e, right mandible; f, gnathopod 2. (a-c, from McCain 1968: Figure 41; d-f, from McCain 1968: Figure 42). 


Known distribution. Western Atlantic Ocean (Gulf 
of St. Lawrence; Maine; Massachusetts; Chesapeake Bay; 
New Jersey; Sapelo Island, Georgia)(McCain 1968); Japan 
(Takeuchi 1999). 

Known Gulf of Mexico records. Alligator Harbor, 
Tampa Bay, and Pensacola Bay, Florida; Galveston Bay, 
Port Isabel, and Corpus Christi Bay, Texas (Menzel 1956; 
Steinberg and Dougherty 1957; McCain 1968). 

New records. Adult female, St. Joseph Bay, Florida, 5 
May 1990, less than 1.0 m depth, algae wash, coll. S.E. 
LeCroy, id. by S.E. LeCroy, GCRL 2064; 3 males, 6 
females, St. Andrew Bay, Florida, Long Point, 2 January 
2003, less than 1.0 m depth, kick net over Thalassia, coll. 
J.M. Foster, id. by J.M. Foster, GCRL 2072. 

Remarks. Found with red and brown algae attached 
to hard substrates, seagrasses, sponges, hydroids, alcy- 
onarians, and bryozoans (ectoprocts). Caine (1998) 
observed a mutualistic relationship between P. tenuis and 
the hydrozoan Bougainvillia rugosa. Paracaprella tenuis 
was observed defending the hydroid’s tentacles from pre- 
dation by the nudibranch Tenellia pallida. Paracaprella 
tenuis apparently uses the hydroid as a substratum to 
which it clings and grazes on diatoms. Caine’s observa- 


tions documented for the first time a mutualistic relation- 
ship between a caprellid amphipod and a hydrozoan. 

Caprella equilibra Say, 1818 

(Figure 7a-g) 

Diagnosis. Cephalon smooth, without dorsal process; 
mandible without palp; peduncle of antenna 1 not inflated 
in males; basis of gnathopod 2 less than one-half the length 
of pereonite 2; pereopod 2 usually with spine between the 
insertions of gnathopods 2; pereonites elongated in large 
males; pereopods 3 and 4 absent, pereopods 5-7 without 
grasping spines. 

Synonymies. McCain 1968: 25-30, Figures 12-13; 
Pequegnat and Pequegnat 1968: 24, 33-34, 53-54, 60-62, 
67; Ricketts et al. 1968: 102, 491; McCain 1969: 287-288, 
Figure 1; Keith 1969: 119-124; Krapp-Schickel 1969: 
284, 349; McCain and Steinberg 1970: 19; Laubitz 1970: 
55-58, Figure 17; McCain and Gray 1971: 113-114, 
Figure 3; Arimoto 1971a: 15-16; Arimoto 1971b: 30-35, 
Figures 1-4; Arimoto 1971d: 1-8, Figures 1-4; Gosner 
1971: 508-510; Laubitz 1972: 34; Wass 1972: 151; 
Watling and Maurer 1972: 255, 256, 263; Griffiths 1973: 
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Figure 6. Paracaprella tenuis Mayer, 1903, a-f, male, g-h, female; a, lateral view; b, gnathopod 2; c, gnathopod 1; d, pereopod 
7; e, right mandible; f, left mandible; g, lateral view; h, gnathopod 2. (a-f, from McCain 1968: Figure 43; g-h, from McCain 
1968: Figure 44). 



Figure 7. Caprella equilibra Say, 1818, a-c, male, d-g, female; a, lateral view; b, pereopod 5; c, gnathopod 1; d, lateral view; e, 
gnathopod 1; f, gnathopod 2; g, pereopod 6; (a-c, from McCain 1968: Figure 12; d-g, from McCain 1968: Figure 13). 
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Figure 8. Caprella scaura Templeton, 1836, a-c, male, d-f, female; a, lateral view; b, gnathopod 1; c, gnathopod 2; d, lateral 
view; e, gnathopod 1; f, gnathopod 2. (a-c, from McCain 1968: Figure 17; d-f, from McCain 1968: Figure 18)(Note: In McCain 
1968, page 42, Figure 17e represents gnathopod 2, but is incorrectly labeled as gnathopod 1). 


303; Utinomi 1973: 33; Griffiths 1974a: 205; Griffiths 
1974b: 255; Griffiths 1974c: 331; Griffiths 1975: 175; 
Cavedini 1982: 500; Arimoto 1976: 195-205, Figures 
106-108; Arimota and Kikuchi 1977: 93, Figure 9D; Caine 
1986: 20; Johnson 1986: 381, Figure 125; Sterrer 1986: 
379, 381; Cockman and Albone 1987: 163; Lazo-Wasem 
and Gable 1987: 335-336 (as Caprella bermudia)\ Gable 
and Lazo-Wasem 1987: 637; Rupert and Fox 1988: 239, 
351, 403; Krapp- Schickel 1993: 782-783, Figure 533; Lee 
and Lee 1993: 358; Aoki and Asakura 1995: 192; Laubitz 
1995: 93; Camp et al. 1998: 132; Serejo 1998: 380; 
Guerra-Garcia and Thiel 2001: 878-879, Figure 6; Ortiz et 
al. 2002: Figure 21; Escobar-Briones and Winfield 2003: 
38; Guerra-Garcia 2003b: 181, Figure 4; Guerra-Garcia 
and Takeuchi 2004: 1013, Figure 34. 

Known distribution. Nearly cosmopolitan. 

Known Gulf of Mexico records. Panama City, 
Florida; Grand Isle, Louisiana; Galveston, Port Isabel, and 
Port Aransas, Texas (McCain 1968). 

New Records. Juvenile female. West Pass jetties, St. 
Andrew Bay, Florida, 21 June 1984, 1.0 m depth, 
Sargassum wash, coll. J.M. Foster, id. by J.M. Foster, 
GCRL 2067; 28 males, 13 females, floating fish cage near 


Chevron Rig 999, 29°27.9’N, 88°36.3’W, off coast of 
Mississippi, 1 February 2003, fouling on mesh and rig- 
gings of floating cage, coll. C. Bridger, id. by S.E. LeCroy, 
GCRL 2068. 

Remarks. Caprella equilibra was originally 
described by Say (1818) from Sullivan’s Island near 
Charleston, South Carolina, in association with salt marsh- 
es. Sconfietti and Luparia (1995) collected this species 
from wooden pilings near Venice, Italy, in the North 
Adriatic Sea, where they observed peak breeding activity 
in April and September with a decrease in the summer and 
no breeding activity shown in the winter. 

Guerra-Garcia and Takeuchi (2002) described the new 
species, Caprella ceutae Guerra-Garcia and Takeuchi, 
2002, which is morphologically similar to C. equilibra 
from the Mediterranean Sea on the coast of North Africa. 
Caprella ceutae can be distinguished from C. equilibra 
based primarily upon the prominent ventral spine between 
the bases of the second gnathopods of C. equilibra, which 
is lacking in C. ceutae. In addition, the inferior margin of 
the third peduncular article of the first antenna is densely 
setose in C. ceutae but is naked or nearly so in C. equili- 
bra. 
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Figure 9. Caprella andreae Mayer, 1890, a-c male, d-f, female; a, lateral view; b, gnathopod 2; c, pereopod 6; d, lateral view; e, 
gnathopod 2; f, gnathopod 1. (a-c, from McCain 1968: Figure 8; d-f, from McCain 1968: Figure 9). 


Caprella scaur a Templeton, 1836 

(Figure 8a-f) 

Diagnosis. Cephalon with anteriorly directed spine, 
acutely tipped; mandible without palp; peduncle of anten- 
na 1 not inflated in males; pereonites 1-2 elongate in 
males; basis of gnathopod 2 approximately the length of 
pereonite 2; propodus of pereopods 5-7 with proximal 
grasping spines. 

Synonymies. McCain 1968: 40-44, Figures 17-18; 
Utinomi 1969: 304; McCain and Steinberg 1970: 37; 
Arimoto 1971b: 42-48, Figures 10-14; Arimoto 1971c: 
44-45; Griffiths 1973: 303; Utinomi 1973; 35; Griffiths 
1974a: 205; Griffiths 1974b: 256; Griffiths 1974c: 332; 
Griffiths 1975: 175; Arimoto 1976: 146-148, Figure 78; 
Arimoto and Kikuchi 1977: 94-95, Figure 3G; Arimoto 
and Hirayama 1979: 50; Arimoto 1980: 109-110, Figure 
10; Marelli 1981: 660, Figure 2A; Lim and Alexander 
1986: 217-230, Figures 1-6; Cockman and Albone 1987: 
163; Lee and Lee 1993: 364; Laubitz 1995: 98; Takeuchi 
1995: 198, Figures 180; Aoki 1997: 447, 451-456; Camp 
et al. 1998: 132; Serejo 1998: 380; Guerra-Garcia and 


Thiel 2001: 877-878, Figure 5; Ortiz et al. 2002: Figure 
24; Guerra-Garcia and Takeuchi 2003: 161-163, Figure 7; 
Foster et al. 2004: 65-69, Figures 1-2; Guerra-Garcia and 
Takeuchi 2004: 1016-1017, Figure 36. 

Known distribution. Nearly cosmopolitan. 

Known Gulf of Mexico records. St. Andrew Bay, 
Panama City, Florida. (Foster et al. 2004). 

New records. Adult female, Panama City Marina, St. 
Andrew Bay, Florida, 24 December 2003, less than 1.0 m 
depth, Padina wash, coll. J.M. Foster, id. by J.M. Foster, 
GCRL 2066; gravid female. Long Point, St. Andrew Bay, 
Florida, 2 January 2003, kick net over Thalassia with 
Bugula and oyster shells, coll. J.M. Foster, id. by J.M. 
Foster, GCRL 2073. 

Remarks. This is a large species that is widely distrib- 
uted in temperate and tropical seas of both hemispheres. 
The collections published by Foster et al. (2004) represent 
a range extension from the Caribbean Sea (McCain 1968). 
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Figure 10. Caprella penantis Leach, 1814, a-c, male, d-f, female; a, lateral view; b, gnathopod 2; c, gnathopod 1; d, lateral view; 
e, pereopod 7; f, gnathopod 2. (a-c, from McCain 1968: Figure 15; d-f, from McCain 1968: Figure 16). 


Caprella andreae Mayer, 1890 
(Figure 9a-f) 

Diagnosis. Cephalon with anteriorly directed triangu- 
lar projection, blunt, not acutely tipped; peduncle of anten- 
na 1 inflated in males; mandible without palp; pereopods 3 
and 4 absent; palm of propodus of pereopods 5-7 convex 
with medial grasping spines. 

Synonymies. McCain 1968: 19-22, Figures 8-9; 
Gosner 1971: 508-510; Laubitz 1972: 26; Watling and 
Maurer 1972: 256, 263; Caine 1986: 20; Minchin and 
Holmes 1993: 285-286; Krapp-Schickel 1993: 777, Figure 
530; Aoki and Kikuchi 1995: 54-58, Figures 1-2; Camp et 
al. 1998: 132; Ortiz et al. 2002: Figure 18. 

Known distribution. Northeastern Atlantic; 
Mediterranean Sea; Hawaii; Sea of Japan; Atlantic coast of 
United States; Key West, Florida; Cuba (McCain 1968). 

Known Gulf of Mexico records. Key West, Florida 
(McCain 1968) 

New records. No new GOM records. 

Remarks. McCain (1968) remarks that C. andreae 
appears to be ecologically isolated from other members of 
the genus by its habit of attaching to floating driftwood, 
buoys, plants, and the algal incrustations on the backs of 
sea turtles collected off Cuba and Key West, Florida. Caine 
(1986) reported C. andreae on the carapaces of nesting 
loggerhead sea turtles on the Florida Atlantic coast. 


Watling and Maurer (1972) reported C. andreae from 
incrustations on the back of a loggerhead turtle caught on 
a fish line south of the Mispillion River in Delaware Bay. 
Other confirmed co-occurrences of this species with sea 
turtles were reported by Aoki and Kikuchi (1995). 

Although the presence of C. andreae has not been 
confirmed in the northern GOM, its occurrence on cara- 
paces of nesting sea turtles throughout the world indicates 
a likely presence. Collections of epibionts on the carapaces 
of sea turtles in the northern GOM should be made to clar- 
ify the role of sea turtles in the distribution of this cosmo- 
politan caprellid species. 

Caprella penantis Leach, 1814 

(Figure lOa-f) 

Diagnosis. Cephalon with anteriorly directed triangu- 
lar projection, blunt, not acutely tipped; mandible without 
palp; peduncle of antenna 1 not inflated in males; basis of 
gnathopod 2 shorter than pereonite 2; pereopods 3 and 4 
absent, pereopods concave, grasping spines proximal. 

Synonymies. McCain 1968: 33-40, Figures 15-16; 
Bieri and Tokioka 1968: 383; Ricketts et al. 1968: 102, 
491; Pequegnat and Pequegnat 1968: 24, 33; Utinomi 
1968: 287-288; Utinomi 1969: 302; McCain and 
Steinberg 1970: 33; Arimoto 1971a: 19-20; Arimoto 
1971b: 36-41, Figures 5-9; Gosner 1971: 508-510; 
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Laubitz 1972: 41; Walling and Maurer 1972: 255, 256, 
259, 262, 263; Caine 1974: 81-96, Figures 1, 5, 8, 11, 14, 
17, 20, 25, 30; Griffiths 1974a: 205; Griffiths 1974b: 256; 
Griffiths 1974c: 332; Griffiths 1975: 175; Arimoto 1976: 
209-220, Figure 113-114; Arimoto and Kikuchi 1977: 
93-95, Figure 2E; Arimoto and Hirayama 1979: 51; 
Cavedini 1982: 508; Wass 1972: 151; Rupert and Fox 
1988: 238, 239, Figure 222, 403; Krapp- Schickel 1993: 
791-793; Aoki and Asakura 1995: 192; Takeuchi 1995: 
202-203, Figure 189; Aoki 1997: 449; Camp et al. 1998: 
132; Chazaro-Olvera et al. 2002: 5; Ortiz et al. 2002: 
Figure 23; Guerra-Garcia and Takeuchi 2002: 692-693, 
Figure 12; Guerra-Garcia and Takeuchi 2004: 1013, Figure 
35. 

Known distribution. Nearly cosmopolitan. 
(Northeast Atlantic, Nova Scotia to Georgia; GOM; 
Caribbean Sea; California; South Africa; Hawaiian 
Islands; Sea of Japan; New Zealand; New South Wales, 
Australia) (McCain 1968). 

Known Gulf of Mexico records. Alligator Harbor, 
Panama City, St. Andrew Bay, and Destin, Florida 
(McCain 1968). 

New records. Ocean Springs, Mississippi (S.F. 
FeCroy, pers. comm.. The University of Southern 
Mississippi, Gulf Coast Research Faboratory.) 

Remarks. Habitat preference is nonspecific, occur- 
ring on various algae, seagrasses, sponges, hydroids, tuni- 
cates, bryozoans (ectoprocts), and echinoids {Arbacia) 
(McCain 1968). Bynum (1978) examined the reproductive 
biology of this species in North Carolina and noted that it 
apparently breeds year round with a peak in the spring and 
a lesser peak in late summer or early fall. In 1980, Bynum 
explored the morphological variation within C. penantis 
and noted 2 trends, one apparently related to the degree of 
wave action and the second trend based upon seasonal 
variation between summer and winter. Caine (1983) 
reported C. penantis on the sea whip Leptogorgia virgula- 
ta in Thalassia testudinum meadows in northwestern 
Florida. Valerio-Berardo and Flynn (2002) noted that C. 
penantis comprised 23.77% of the total amphipod fauna 
associated with the red algae Bryocladia trysigera at a 
study site in southeastern Brazil. Caprella penantis 
appears to be the most common caprellid found as 
epibionts on the carapaces of loggerhead sea turtles 
Caretta caretta on the east coast of the United States (Mike 
Frick, pers. comm., Caretta Research Project, Savannah, 
Georgia.) 
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ABSTRACTWe mapped bottom types and shelf zones of 1600 km^ or about one fourth of Puerto Rico’s insular shelf 
from the shoreline to the shelf edge. Overall map accuracy for these bottom types is estimated as 93.6% correct. 
Maps were produced through visual interpretation of benthic features using orthorectified aerial photographs with- 
in a Geographic Information System with customizable software. The maps are one component of an integrated 
mapping and monitoring program underway by NOAA and its partners in the US Coral Reef Task Force to assess 
all US reef ecosystems. Maps are currently being used to enhance coastal research and management activities in 
Puerto Rico such as fisheries assessments and designation of important fish habitats. 


Introduction 

Coral reef ecosystems present spatial challenges for 
research and management. The broad scales of ecosystem 
processes and complex connections among diverse compo- 
nents including seagrass beds, mangroves, algal plains, 
coral reefs, and other hard bottom substrates are often best 
understood and managed using ecosystem maps as a spa- 
tial framework. The ability to properly stratify sampling 
programs for research, make informed decisions on defin- 
ing fish habitats, and place ecologically relevant bound- 
aries for marine protected areas is necessarily limited with- 
out accurate benthic maps created using an appropriate 
classification framework. The National Action Plan for US 
Coral Reef Protection endorsed by the US Coral Reef Task 
Force (USCRTF) identified mapping of all US coral reefs 
as one of the highest priorities for understanding and pro- 
tecting these important ecosystems (USCRTF 2000, 
Monaco et al. 2001). 

To meet this goal in the US Caribbean (Puerto Rico 
and the US Virgin Islands), visual interpretation of aerial 
photography was identified as the most effective approach 
given the size of the region to be mapped, the well docu- 
mented and successful applications of photo-interpreta- 
tion, the desired thematic and spatial resolution of map 
products, and the desired accuracy of map attributes. The 
alternatives and tradeoffs among various mapping tech- 
nologies have been discussed elsewhere in detail (e.g., 
Holden and LeDrew 1998, Green et al. 2000) and are 
beyond the scope of this assessment. Furthermore, the spe- 
cific methods used to create the map products are docu- 
mented in detail in Kendall et al. (2001), Kendall et al. (in 


press), and Warner et al. (in review), and so will only be 
provided in general form here. Rather, the present focus is 
on the results of a photography-based characterization of 
reef ecosystems in Puerto Rico. 

Previous assessments of marine ecosystems in Puerto 
Rico have been patchy, focused on single ecosystem char- 
acteristics or components (e.g., geology, coral reefs, or 
mangrove forests respectively), have too coarse a resolu- 
tion to support most research and management applica- 
tions, or are simply out of date given the frequency of hur- 
ricanes, pace of coastal development, and other vectors of 
habitat change in the region (e.g., Rodriguez et al. 1977, 
Morelock 1978, Goenaga and Cintron 1979, Beach and 
Trumbull 1981, Grove 1983, Pilkey et al. 1987, Trias 1991, 
Rodriguez et al. 1992, Morelock et al. 1994, Kruer 1995, 
Reid and Kruer 1998). These historical assessments pro- 
vide valuable perspective on a subset of ecosystem compo- 
nents, but do not provide the island-wide characterization 
of the reef ecosystem called for by the USCRTF. 

Building on the recently created benthic maps for the 
Florida Keys (Florida Marine Research Institute 1998) and 
the US Virgin Islands (Kendall et al. 2001, Kendall et al. in 
press), the objective of this project was to produce a spa- 
tial characterization of the shallow water coral reefs and 
associated habitats in Puerto Rico, specifically to: 1) map 
seabed features visible in aerial photography using a hier- 
archical classification scheme and a minimum mapping 
unit (MMU; smallest feature mapped) of 4048 m^ (1 acre); 
2) map seabed features with a minimum thematic accura- 
cy of 90% correct for map categories including coral 
reefs/hard bottom, unconsolidated sediment, and sub- 
merged vegetation; 3) identify areas not able to be mapped 
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with this approach to focus future assessments using alter- 
native technologies; 4) quantify the coverage and distribu- 
tion of mapped features; 5) provide digital habitat maps, 
images, and other data products to support research and 
management of coral reef ecosystems. 

Materials and Methods 
Location Description 

Puerto Rico is located at the intersection of the greater 
and lesser Antilles on the northern edge of the Caribbean 
Plate. It shares a volcanic island platform at the edge of the 
Puerto Rican Trench with several of the US and British 
Virgin Islands, but has a much larger land area and conse- 
quently has a more significant river drainage than the 
smaller Virgin Islands. The north coast is characterized by 
a narrow shelf and large amounts of river discharge. The 
south, southwest, and east coasts of the island have less 
river output and much broader shelf area. The large area 
and variable geomorphology of these coastal regions, plus 
the unique formations of the smaller Puerto Rican islands 
of Culebra, Vieques, Desecheo, and Mona make compre- 
hensive mapping of benthic resources challenging. 

Mapping Methods 

Color aerial photographs were acquired in 1999 by 
NOAA’s Aircraft Operation Center and National Geodetic 
Survey. These 1:48,000 scale photos (except for Desecheo 
at 1:20,000 and Mona at 1:28,000) were scanned at a res- 
olution of 500 dots per inch resulting in digital images with 
2.4 m pixels (Desecheo 1.0 m and Mona 1.5 m). The best 
images for benthic mapping (least clouds, sun glint, and 
turbidity) were selected and orthorectified by the NOAA 
National Geophysical Data Center using ground control 
points, flightline kinematics, and other image parameters 
uploaded into Socet Set version 4.2.1 (Warner et al. in 
review). The coastal regions described above and the indi- 


vidual small islands were batch processed such that 7 sep- 
arate, orthorectified mosaics were created (Table 1). The 
positional accuracy of each mosaic was measured using 
independent ground control points collected with differen- 
tial GPS. Additional detail on the acquisition parameters 
and orthorectification process are available in Kendall et 
al. (2001) and Warner et al. (in review). 

Coral reefs and associated benthic habitats such as 
hard bottom, mangroves, seagrass beds, sand, and algal 
plains were mapped using GIS software and a hierarchical 
classification system developed in consultation with local 
experts and the many schemes classifying Caribbean ben- 
thos (e.g., Shepard et al. 1998, Mumby and Harborne 
1999). The 3 main habitat categories in the scheme were: 
coral reef and hard bottom, unconsolidated sediment, and 
submerged vegetation which encompassed a total of 26 
mutually exclusive subcategories. In addition to these bot- 
tom types, mapped features were also assigned a location 
attribute, or zone, to denote their position on the insular 
shelf. The following zones were identified: shoreline/inter- 
tidal, lagoon, backreef, forereef, reef crest, bank/shelf, 
bank/shelf escarpment, or dredged (“dredged” is included 
here since this activity eliminates natural zonation). 
Detailed descriptions as well as under water and aerial 
imagery for each bottom type and zone are available in 
Kendall et al. (2001). 

Benthic features defined in the classification scheme 
were visually identified in the orthorectified mosaics and 
digitized by tracing around their edges using the Habitat 
Digitizer extension for Arc View 3.2 (Kendall et al. 2001). 
This software allows users to customize a classification 
scheme, set a MMU and mapping scale, and facilitates 
assignment of polygon attributes. Polygons were delineat- 
ed at a mapping scale of 1:6000 on the computer monitor, 
which maximized the ability to identify bottom types given 
the scale and scan resolution of the original imagery. A 
MMU of 4048 m^ (1 acre) was selected to meet the spatial 


TABLE 1 


Mosaic specifications for each island or coastal segment. Positional accuracy is in meters +/- standard deviation. 


Location 

Photo scale 

Pixel 
width (m) 

No. of 
photos 

Mean spatial 
accuracy (m) 
latitude 

Mean spatial 
accuracy (m) 
longitude 

Culebra 

1:48000 

2.4 

14 

5.51 +/- 20.1 

7.04 +/- 18.2 

Mona 

1:28000 

1.5 

14 

2.76 +/- 9.1 

4.06 +/- 4.5 

Desecheo 

1:20000 

1.0 

3 

4.26 +/- 30.0 

9.47 +/- 36.4 

Puerto Rico: South 

1:48000 

2.4 

72 

0.06 +/- 3.0 

0.89 +/- 4.4 

Puerto Rico: East 

1:48000 

2.4 

55 

0.85 +/- 9.5 

2.59 +/- 7.8 

Puerto Rico: West 

1:48000 

2.4 

34 

1.65 +/-5.1 

1.04 +/- 6.7 

Puerto Rico: North 

1:48000 

2.4 

51 

4.88 +/- 9.6 

4.06 +/- 5.3 
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resolution requested by the USCRTF and by local natural 
resource managers. Field surveys conducted with local 
experts and previous studies of Puerto Rico’s benthic habi- 
tats were used to guide polygon delineation and labeling 
whenever possible. Previous studies consulted included 
geological maps (Beach and Trumbull 1981, Grove 1983, 
Morelock 1978, Morelock et al. 1994, Pilkey et al. 1987, 
Rodriguez et al. 1977, Rodriguez et al. 1992, Trias 1991), 
biological characterizations (Goenaga and Cintron 1979, 
Kruer 1995, Reid and Kruer 1998), and those that integrate 
multiple data types (NOAA et al. 2000). Specific field sites 
that were examined included those with difficult to inter- 
pret spectral and textural signatures in the orthorectified 
mosaics and sites with signatures that were representative 
of different combinations of bottom type, depth, zone, and 
water clarity. Draft maps were reviewed by local 
researchers and managers and further refined. 

Thematic accuracy of the final benthic maps was 
measured through intensive field sampling within a small 
but representative region of the project area due to the 
logistical constraints of collecting a widespread accuracy 
assessment dataset around all of the islands mapped. For 
this purpose, the La Parguera area in southwestern Puerto 
Rico was chosen because of the wide variety of water 
depth, turbidity, and habitat types present at this site. The 
accuracy measured at La Parguera is assumed to be similar 
to the accuracy of maps elsewhere in the project area. Data 
for accuracy assessment were collected from 200 sites. 
Sites were selected using a random stratified approach 
based on the 3 main habitat types in the classification 
scheme and 2 depth strata (0-15 and 15-30 m). This 
ensured that comparison points were spread throughout the 


assessment area and that estimated accuracy would be rep- 
resentative of the wide variety of habitat types and water 
depths present. Bottom type was recorded at each field site 
and then compared to the attributes assigned to that loca- 
tion in the habitat map. An error matrix that displays errors 
of inclusion and exclusion for only the 3 main habitat cat- 
egories was produced due to the logistical constraints of 
collecting the recommended minimum range of 20-50 
accuracy check points for each of the 26 classifications at 
the detailed level of the hierarchy (Congalton 1991). 

Results 

Positional accuracy for orthorectified mosaics varied 
depending on the data available for georeferencing and the 
quality of the imagery (Table 1). In general, pixel position 
in the mosaics was estimated to be within a few pixel 
widths (~ 10 m) of their true location. An exception to this 
was the mosaic of Desecheo Island, northwest of Puerto 
Rico, which was not as accurately geopositioned as the 
other islands due to the difficulty in identifying coordi- 
nates of corresponding land and image features on its bar- 
ren landscape. Because benthic habitats were digitized 
directly in a GIS using the georeferenced imagery, the 
positional accuracy of the habitat maps for each island or 
island segment is assumed to be the same as that reported 
for the mosaiced photography (Table 1). 

Thematic accuracy of the general level of habitat clas- 
sification in the La Parguera area was determined to be 
93.6 percent overall (Table 2). Maps were 100 percent 
accurate for the unconsolidated sediment category and 99 
percent for the submerged vegetation category. A small 


TABLE 2 


Error matrix for habitat classification at La Parguera. Numbers in the matrix indicate class coincidence, (I) indi- 
cates accuracy based on inclusion errors, and (E) indicates accuracy based on exclusion errors calculated from 
analysis of 200 ground truth points. 




Actual habitat type 



Coral reef/ 

hardbottom 

Submerged 

vegetation 

Unconsolidated 

sediment 

Mapped habitat type 




Coral Reef/Hardbottom 

76 

91.6% (I) 

98.7% (E) 

7 

0 

Submerged Vegetation 

1 

92 

98.9% (I) 

92.9% (E) 

0 

Unconsolidated Sediment 

0 

0 

24 

100% (I) 

100% (E) 
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Colonized Vegetation Sediments 
Hard bottom 

Habitat type 

Figure 1: Mapped habitat types in Puerto Rico near shore waters (percent of area excluding polygons with “unknown” bottom 
type). Only the 3 most general classification categories plus mangroves are displayed. 


percentage of coral reef/hardbottom sites were misclassi- 
fied as submerged vegetation. 

About 1600 km^ of benthic features were mapped. 
The habitat type with the largest area, excluding areas 
labeled unknown due to water depth or turbidity, was coral 
reef/hardbottom which accounted for nearly half of the 
mapped area (Figure 1). Submerged aquatic vegetation 
accounted for over 40 percent of the area mapped although 
this includes patchy seagrass and algae which may include 
considerable areas of bare sand. Mangrove forests covered 
about 5 percent of the area mapped. The bank/shelf zone 
included 85% of the area mapped (Figure 2). 
Combinations of habitat and zone that covered large areas 
included seagrass and colonized pavement with sand chan- 


nels on the bank shelf which together accounted for more 
than half of the total area mapped (Table 3). Notable sites 
with extensive coverage of seagrass include the region 
between Vieques and the east end of Puerto Rico (240 
km^) and the southwestern corner of Puerto Rico around 
Cabo Rojo (80 km^) (Figure 3). A large, continuous man- 
grove forest was mapped east of San Juan (15.5 km^). 
Areas with discontinuous mangrove forests that covered 
large areas included the eastern tip of Puerto Rico around 
Roosevelt Roads Naval Base (9.1 km^) and the Parguera 
area (4.1 km^) (Figure 3). The largest reef areas mapped 
were located primarily along the southern and southwest- 
ern edge of the island where the shelf is broad and flat. 



Figure 2: Mapped geomorphic zones in Puerto Rico near shore waters (percent of area excluding polygons with “unknown” 
zone). 


180 


Benthic mapping of Puerto Rico 


TABLE 3 

Matrix of area and percent of total area mapped the unique zone/habitat combinations. Some of the very similar 
habitat subcategories were grouped to save journal space (such as all 8 categories of seagrass and macroalgal 
patchiness). Polygons with either zone or habitat type labeled as "unknown" were excluded (this results in small 
differences between row and column totals between this table and values in Figures 1 and 2). The upper value in 
each cell denotes the area mapped in km^ for each zone/habitat combination. The lower value in each cell is the 
percentage of the total area mapped that is covered by each zone/habitat combination. Blank cells indicate that no 
polygons were mapped that met those zone and habitat criteria. All table values are rounded to 2 decimal places 
and therefore may result in some zero values for very small features as well as slight apparent discrepancies in pres- 
entation of row and column totals. 


General habitat 
types 

Detailed habitat 
types 

Shoreline intertidal 

Lagoon backreef 

Reef crest 

Forereef 

Bank/Shelf 

Bank/Shelf 

Escarpment 

Dredged 

ROW TOTALS 


Mud 

11.5 

6.2 




4.0 



21.7 

Unconsolidated 


1.0 

0.0 



0.0 




1.0 

sediment 

Sand 

0.3 

2.2 

0.1 


24.5 

0.0 



27.1 



0.0 

0.0 

0.0 


2.0 

0.0 



2.0 


Colonized Bedrock 

0.9 

2.0 

0.1 

0.2 

0.0 

23.7 



26.9 



0.0 

0.0 

0.0 

0.0 

0.0 

1.0 



2.0 


Colonized Pavement 

0.1 

1.7 

0.1 

0.0 

0.7 

176.3 

3.5 


182.4 



0.0 

0.0 

0.0 

0.0 

0.0 

11.0 

0.0 


11.0 


Colonized Pavement 


2.8 

0.7 


1.0 

305.9 

5.8 


316.2 


with Sand Channels 


0.0 

0.0 


0.0 

19.0 

0.0 


20.0 


Linear Reef 

0.1 

1.1 

1.0 

19.6 

14.3 

33.2 

5.7 


75.0 



0.0 

0.0 

0.0 

1.0 

1.0 

2.0 

0.0 


5.0 


Patch Reef (Aggregated) 


3.5 

0.1 



63.2 



66.8 

Coral reef and 



0.0 

0.0 



4.0 



4.0 

hardbottom 

Patch Reef (Individual) 

0.0 

0.3 

0.1 

0.1 

0.1 

14.1 



14.7 



0.0 

0.0 

0.0 

0.0 

0.0 

1.0 



1.0 


Reef Rubble 



0.1 

0.3 


0.2 



0.6 





0.0 

0.0 


0.0 



0.0 


Scattered Coral/Rock 


9.0 

0.5 

1.3 

0.1 

61.3 

0.1 


72.4 


in Unconsolidated Sed. 


1.0 

0.0 

0.0 

0.0 

4.0 

0.0 


5.0 


Spur and Groove Reef 





0.1 

1.8 

0.1 


1.9 







0.0 

0.0 

0.0 


0.0 


Uncolonized Bedrock 

0.1 











0.0 










Macroalgae 

1.0 

6.8 

0.2 



88.4 

0.2 

0.0 

96.7 

Submerged 

(continuous and patchy) 

0.0 

0.0 

0.0 



6.0 

0.0 

0.0 

6.0 

vegetation 

Seagrass 

3.4 

51.9 

16.9 

1.8 

0.3 

550.0 



624.3 


(continuous and patchy) 

0.0 

3.0 

1.0 

0.0 

0.0 

34.0 



39.0 


Mangrove 

72.4 



0.2 





72.6 



5.0 



0.0 





5.0 

Other 

Artificial 






0.1 



0.1 








0.0 



0.0 


COLUMN TOTALS 

90.0 

87.0 

20.0 

24.0 

16.0 

1347.0 

15.0 

0.0 

1599.0 



6.0 

5.0 

1.0 

1.0 

1.0 

84.0 

1.0 

0.0 

100.0 
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Figure 3: Benthic map of southwestern Puerto Rico from Cabo Rojo to Parguera. To simplify this example map, only “land”, 
“mangrove”, “unknown”, “coral reef and hardbottom”, “submerged vegetation”, and “unconsolidated sediments” are shown 
rather than all of the more detailed thematic classifications. 


Discussion 

The baseline inventory of Puerto Rico’s coral reefs, 
seagrass beds, mangroves, and associated habitats provid- 
ed by this assessment offer diverse opportunities for 
research and management of this ecosystem. Uses of these 
map products already include a wide range of research, 
monitoring, and management applications. The GIS data 
provides a spatial framework within which to stratify sam- 
pling for fisheries and habitat research (Christensen et al. 
2003). The maps are one component of an integrated mon- 
itoring and assessment program underway by NOAA and 
its partners in the USCRTF to assess reef condition and 
health trends (Monaco et al. 2001). The spatially articulat- 
ed inventory of coral reefs and associated habitats is 
required for identifying Essential Fish Habitat (Rosenberg 
et al. 2000), identifying locations and appropriate sizes for 
marine protected areas (National Research Council 2001), 
and providing coastal management agencies with basic 
information to conduct change detection following natural 
or anthropogenic disturbance events. 

The large area mapped, small MMU, and large num- 
ber of detailed classifications prevent inclusion of all but 
an example map in journal format (Figure 3; only 4 map 
classes shown). Furthermore, the real value of this assess- 
ment goes well beyond the summary statistics of habitat 
areas reported above. An atlas containing 211 printable 


maps, digital map data (ArcGIS shapefiles), orthorectified 
mosaics of aerial photos, unrectified scans of all aerial 
photographs, ground control points, accuracy assessment 
points, the Habitat Digitizer extension to Arc View 3.x, and 
other project components are all freely available from the 
authors’ website (http://biogeo.nos.noaa.gov). 

It is important to note that the summary statistics 
reported above do not include the large area of insular shelf 
that could not be mapped in this assessment. Due to dis- 
charge of turbid rivers, suspended sediment from wave 
action, water depth, clouds, and other factors that prevent 
benthic features from being visible, 75% of the Puerto 
Rican insular shelf (area between the shoreline and the 30 
m isobath or shelf edge) could not be mapped using the 
available aerial photography. Much of the north coast of 
Puerto Rico could not be mapped due to turbidity associat- 
ed with the many rivers and heavy surf conditions that 
characterize this region. The central portion of the west 
coast had shelf features obscured by sediment laden river 
discharge from Rio Guanajibo and Rio Grande de Anasco. 
The very small island of Monito was not photographed. A 
large area between the islands of Vieques and Culebra 
extending eastward along the shelf platform to the territo- 
rial boundary of the US Virgin Islands was not mapped 
because bottom depth was beyond the limit of detection by 
aerial photography (~ 20 m). A widening variety of remote 
sensing technologies including satellites, airborne hyper- 
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spectral scanners, lidar, and shipboard multibeam sonar are 
rapidly improving and providing ever more detailed, accu- 
rate, and cost effective alternatives for benthic mapping in 
range of depths and water conditions. A combination of 
these aerial, satellite, and in water technologies will be 
required to comprehensively and cost effectively map all 
US reef ecosystems (USCRTF 2000) such as those por- 
tions of the Puerto Rican shelf mapped as “unknown” in 
this assessment. 

Thematic accuracy measured in the Parguera area was 
well within acceptable levels for maps of this type. Since 
the variety of water conditions and habitats in Parguera are 
representative of most of Puerto Rico, the entire project 
area is assumed to be mapped with similar success. Areas 
with poorer water conditions were labeled as unknown. It 
is important to note, however, that the accuracy assessment 
applies only to the highest level in the classification hier- 
archy. This was identified by the local scientific and man- 
agement groups consulted during map production as the 
most important level in the scheme to be evaluated using 
the limited funds and logistical support available for field 
activities. While categories at this hierarchical level 
encompass the more detailed classifications, thematic 
accuracy of the more detailed categories was not quanti- 
fied and is likely to be lower than the overall accuracy and 
values for the 3 main categories (Table 2). 

Our modifications to an established and proven 
approach to coral ecosystem mapping have been used in 
Puerto Rico, the US Virgin Islands (Kendall et al. in press), 
portions of the Hawaiian Islands (Coyne et al. 2003), and 
are being further modified to incorporate new technologies 
for mapping US coral ecosystems elsewhere in the world. 
The maps and associated products made by this assess- 
ment provide a needed characterization of Puerto Rico’s 
benthic habitats, direct future assessments toward 
unmapped areas, and enhance coastal research and man- 
agement capabilities in the region. 
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